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PREFACE. 



This volume ia designed to be a text-lcok of Chemistry, suited to the 
wants of high schools and academies. 

The author believes that the following features of hia work adapt it 
to the purpose for which it was designed. 

1. It contains no more than can be mastered by g I tl 

time usually given to the study of Chemistry in th h h hool d 
academies. 

2 It IS tlioro iglily sjslemati?ed The order and d 1 jm t f b 
jecta IS tliiught to he logical and the ^inngeme t f top p lly 
addited to the beac methods of conducing the m f h 1 

3 It la written in atcoidanne with modern th an! p 
hive been apired in the attempt to mike it fairly [ th j es li 
state ot the sciencp ■ss fir is its elemciitaiT clisirflott will p m t 

lu addition to his attempt to make these feat p m t, th 
author has not forgotten that a student will suoee d h t h eq d 
to learn one thing ai a time. He believes that the d fil Ity fte f 1 
by pupils in Chemistry does not lie in its laws, no i m 1 t 

nor in its reactions, nor in any other one featu m ! th 

illogical attempt to learn them ail at onco. He h 1 f p ted 
eacli one of these and other subjects separately d I t I i 
like the successive steps of a laddei', lea Vn^ to a he ght from wh ch the 
pupil may have a cleai' view of the sciem-e 

Nor has he forgotten that Chemist y mo e than anj otl er sc enca 
rests upon experiment, that while its laws raaj be expla d ly certa n 
theories, they are at the same time quite leienJent of such theo e 
being lo^celdeductions from skillful anl repeated pe acnt He 1 s 
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BOtigM to present them as aiicb, and while (he student is enlightened- by 
the synopsis of the paragraph (numbered In parenthesis) concerning the 
object of the experiments which he is ahont to study, the law itself is 
made to appear as tlie resalt to which tlie esperiments have led him. 
Moreorer, while the properties of bodies may be illustrated by experi- 
ments made without especial precautions, laws can be establislied only 
by experiments from which all sonrees of error have been eliminated. 
To sucli tiie student's mind is directed. 

The work ia not designed to do away with oral instmotion, but rather 
to famlitate it. The synopsis of the paragraphs are tei* which, taken 
together, give an outhne of the entire subject, and which the lecturer 
will End it profitable to illustrate by descriptions and experiments of his 
own in addition to those given in tlie topics which the student 
studies. 

The author finds It impracticable to name all the authorities to which 
he is more or less indebted. He must, however, gratefully acknowledge 
the aasislancB derived from Hoffmann's Introduction to Modern Chemis- 
try, Soscoe's Lessons ia Elementary Chemistry, and Cooke's Chemicai 
Philosophy, Part I. 

For cuts ffoa. 29, 30, 32, and 3(i, the author is indebted to Muspratt'a 
Applied Cliemistry; for Nos. 53 and 54, to Atkinson's Ganot's Physios 
(London, 1861) ; all others are from his own drawings. 

L. C. 0. 

Albaht, June, 1S69. 
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ANALYTICAL CONTENTS. 



[NTRODUCTION.— ON PHTSICAL AND CHEMICAL CnAKGES. 

All changes to whioU mattei' la Bubjoct pre either physical or 

chemical. 
ChemiBtry is the science which treats of the composition of 

matter and the chemical ohaages to which, it is subject, 

CIIAF. I.— ON THE COMPOSITION OF BODIES. 

All substances are either elements, ccmpoviuds, or mixtures. 
Elements. — Nitrogen. 
Oxygen. 
Hydrogen. 
Carbon. 

Nomenclature. 
Symbols. 
OOMPOUHDS,— Pure water. 

Carbonic dioxide. 

AnALTBiS. — By Electricity. 
By the Prism, 
By Chemical Action. 
BYKTnESlS. 
MiXTUKES. — Air. 

■Water. 

DiiluHlon and Osmose. 

Filtration, EraporatJon, DistihatioE. 
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AKALTTICAL CONTENTS. 

CHAP. II— OS" CHI!iaCAE ATTRACTION, 

Attraction acting upon atoms of Tiodiaa under cortiiii coudi- 
tions and subject to definite laws produces all compound 
bodies. 

Conditioaa on which it acts. 
Laws which govern its action. 

Bj Volume. 

By 'Weight. 

The Atomic Theory. 
The effect which it produeea. 

Compounds by Direct Combination. 

Conipounda by Substitution. 
Nomenclature of the compounds fprmeiJ, 
Symbols representing composition and reactions. 

CHAP, ni.— ON CHKMICAL GROUPS. 

Elements and eompomida are so nuineroiis that they must be 
studied in groups. That system is best which brings into 
the same group bodies whose properties are most nearly 

The Non-Metals, 
QunntiTalence, 

The Univalent or Chlorine group. 

The Bivalent or Sulphur group. 

The Trivalent or Hitrogeu group. 

The Quadrivalent or Carbon group. 
The Melala. 

Metals of the Alkalies, 

Metals of the Alkaline Earths. 

MetalBofthe Earths. 

The Ziao class. 

The Iron class. 

The, Tin class. 

The Tungsten class. 

The Arsenic cIsbh. 

The Lend class. 

The Silver class. 

The Gold class. 



Healed byGoogIc 



AKALYTICAL CONTENTS. 7 

CHAP, IV.— ON Di LiJMro nio^j i^r presence of air. 

Organic ^ii'b'Jtsnc-a or hjdro-cEirboua from tliein, exposed to 
ah under pioper coaditions of temperature and moistnre 
may be decom^ )3ed producing cliiefly carbonic dioxide 
and watei 

Combustion 
Hoot 
Lii-ht; 
E° piratinn 



CHAP. T,— ON UEr O^IPOFITION" IN ABSENCE OP AIR. 

Organic "iubstanecs from whicli air is wliolly or in part 

duaed may be decomposed by tho action of beat 



CHAP. TI.— ON DECOMPOSITION BT FERMENTS. 

Many organic BubstanceB are decomposed by tlio presence of 
decaying organic matter whioli tontoins nitrogen. 
Tiie Alcoholic Fermentation. 
The Acetous Fermentation. 

CHAP. Vn.— ON THE CHEMICAL ACTION OF LIGHT. 
Decompositions. 
Photograpby. 
Solar and Stellar Chemistry. 

CHAP. TIIL— ON THE COKSERVATIOK OF POROE. 
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IKTliODD"CTIO:N". 

rHYStOAL AND CHEMICAL CHANGTCS. 

(1.) The changes whicli take place in bodies of mat- 
ter are eitlier physical or chemical. 

1. Physical eAf]!«j/es. ^Bodies of matter are con- 
stantly changing. Thej move : how varied are their 
motions I They change their shapes, as when rocks are 
rounded by the flow of water over them, or shattered 
by a blast of gunpowder. They change fi-om solid to 
liquid forms, and from liquids to gases, as when the 
snows of winter melt, or the dew of summer disappears. 
Such change as these, however, do not affect the 
nature of bodies. After a body has moved, it is the 
same body as before. Water in the forms of iee and 
dew and vapor is water still. Changes like these, in 
which the nature of bodies is not affected, are called 
'ph.ysiaai changes. 

2. Cheniieal changes. — Uut all changes are not like 
these. Wood burns : in doing so it ceases to be wood ; 
it is changed to smoke and ash. Gunpowder explodes: 
it is no longer gunpowder. Fluids from the soil and 
gases from tlia air are taken into the roots and leaves of 
plants, and are there changed into substances which 
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10 CHEMISTRY. 

form tlie plant itself. Such aa these are changes in the 
nature of substances. They are called chemical cka,nges. 

(3.) Chemistry is the science which treats of the prop- 
erties and composition of matter, and of those phenom- 
ena in -which there is a change in the natm^ of bodies. 

1. Chemistry and NaifuraZ Philosophy. — Now, in the 
multitude of phenomena around us, we sometimes see 
changes taking place in the nature of bodies, and some- 
times not. Those in which we do, are to be explained 
in Chemistry : those in which we do not, are subjects 
in Natural Philosophy. "While the chemist has much 
to do with physical properties, lie is chiefly interested 
with chemical clianges, which he sees in nature, or 
which lie brings about by his own operations, and by 
which he learns the composition of bodies and of various 
qualities of matter which physical changes cannot 
reveal. 

2. To dldingmnh chemical phenomena. — It is easy, 
then, to know whether any event among those we see 
in nature or in the arte, is to be explained by the prin- 
ciples of Chemistry. In the flow of water, the turning 
of a wheel, the buzzing of a saw : in the motion of wind, 
the rising of vapoi-s, and the return of the rain, there 
are no changes taking place in the nature of bodies ; 
with these events, then, Chemistry has nothing to do. 
But in the burning of wood, the ripening of fruits, the 
decay of plants ; in the proce^ of getting metals trom 
the ores ; in the manufacture of paper from rags or 
straw, we may at once see that there are changes occur- 
ring in the nature of substances, and the explanation of 
all such phenomena is to be given by the science of 
Chemistry. 
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We now see clearly that the work before the eliemist 
ie to study the properties of matter, more particularly 
those which it can not manifest except by a change in 
its nature ; to learn the composition of matter, and, as 
far as may he, the explanations of those phenomena in 
which there are changes taking place in the natm-e of 
bodira. Bat the life time of an individual would be 
scarcely long enough to complete so great a labor. In 
the brief time given to this study in a student's course, 
let us endeavor to become familiar only with the sim- 
plest or introductory principles of the scienca 
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CHAPTER I. 



OF THE COMPOSITIOX OF BOTIIES. 

General Btatewoerd. — All eiibatanees ai-e either ele- 
mente, componndB, or mixtures. 

( 3.) Elements are substances which have never been 
decomposed. We may notice in the outset nitrogen, 
oxygen, hydrogen, and carbon. 



A.- — Nitrogen may be obtained from the air for ex- 
amination. It is a colorless gas, wliich extinguishes fire 
and will not support life. 

1. Obtained frotn air. — There are large quantities of 
nitrogen in the atmosphere, but there are large quanti- 
ties of oxygen with it. By burning phosphorus in a 
portion of air the oxygen will be taken away and the 
nitrogen left. For this purpose let a piece of phospho 
rus the size of a large pea be placed on a cork floating 
upon the water of a cistern. Touch it with a hot iron, 
and quickly invert over it a gallon jar. (See Fig. 1.) 
The phosphorus burns ^vith a beautiful light, while 
milk-white vapors fill the jar. These vapors will be 
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gradually absorbed by tlie water wliieh wiii riae into tlie 
jar, Tliespaceabovethewater 
at last is filled with nitrogen, 

2. Its physical properties. — 
The nitrogen is now seen to be 
a gas, perfectly colorless and 
ti'aniparent. It is without odor 
or taste and a little lighter than 
air, its specific gravity being 
.972. 

3. Its chemical propt) t ts — 
If a lighted taper be loweied _ 
into a jar of nitrogen it will 
be extinguished as quiebl> i'* Ji ""' 
plunged into water. The gat^ ^vill ncitht-i burn nor 
allow other things to burn in it So, too, if an animal 
were put into this gas, death would soon follow. It is 
not poisonous, but kills simply because it has no power 
to support life, A bandage over the face wliich would 
shut all air awayfrom the lungs would kill in the same 
way. 

4. It occurs in nature. — Nitrogen is a very abundant 
element. It forms about four-fiflhs by weight of all 
the atmosphere, and besides tbis it is an important con- 
stituent in many animal and vegetable bodies. 




B. — Oxygen may be obtained in many ways. It is 
usually prepared by heating potassie ehlorate. It is a 
colorless gas, in which bodies burn better tlian in air. 
Animals can not live without it. It is the most abun- 
dant element in nature. 
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1. OhtuAned from potaasio chlorate. — Potassic chlo- 
rate (chlorate of potash) is a white solid, about 39.2 
per cent, of its weight being oxygen. To set tiie oxy- 
gen free the chlorate must be heated. For this pur|3oae 
it 13 iinely powdered, mixed with about an equal weight 
of black oxide of manganese, and put into a flask Y, 
Fig, 2. A bent tube reaches through the cork of tiie 




flask and over into tliu wiiter t ili ) 1 ir aid upon 
the shelf of the cistern there stands an in^ eited jai filled 
with water. Now, when the ili..l i^ heated the chlorate 
will be decomposed, and oxygen hemg set tree will pass 
through tlie bent tube and bubble out of the water. If 
the end of tlie tube is brought under the mouth of the 
jar the oxygen will rise into the jar, wliich in a little 
time will be filled. 

2. Ite physical properties. — The oxygen is a colorless 
and transparent gas ; without odor or taste ; a little 
heavier than air, its specific gravity being 1.1056. 

3. Its okemical properties.— A.\\^tG^ taper lowered 
into a jar of oxygen burns with surprising brilliancy. 
A glowing spark upon the wit-k 13 all that h needed : 
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the oxygen instantly and with a slight explosion, kindlea 
it into a vivid flame. Experiments like these illustrate 
the tact that bodies which bum in air will burn with 
greater vigor in oxygen. 

Again : lot an iron wire or a steel wateh spring be 
tipped with a bit of wood. Set fire to the wood and at 
once plunge it into a jar of oxygen. Quickly the metal 
takes lire and bums — the iron with a steady and beauti- 
ful light, or the steel with a multitude of star-like sparks. 
Experiments sucli as this illustrate the fact that sub- 
stances which do not burn in air may burn with great 
rapidity in oxygen. 

It not only supports combustion, it ia also necessary 
to the lite of animals. It is in the air, and animals 
breathe it; it goes into their blood and purifies it. 
And yet were an animal to breathe pure oxygen, death 
■would surely follow. Ey being mixed with nitrogen 
lis violent action is toned down so that tlie most deli- 
cate organ may not only withstand it, but be invigor- 
ated by its presence. 

AUotropimn. is a eliemieal property worthy of espe- 
cial notice. It is the property in virtae of "which the 
same element under diflerent conditions may show dif- 
ferent properti^. To illustrate the allotropiam of ox- 
ygen, let strips of unsized paper be soaked in a solu- 
tion of potassie iodide (iodide of potassium) mixed with 
starch. If these strips be hung in a jar of air no action 
or change will occur; but if a few drops of ether be 
added, arid a hot glt^s rod be put into the jar (Fig. 3), 
the paper will very soon become colored blue. The 
oxygen, which at first could not attack the iodide, lias 
been changed by tlie ether and the heat so that it can. 
This allotropie form of oxygen is called osone. 
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That ozone is nothing but oxygen may he proved. 
Pi,. ^ By passing electric 8|){u-ks thro' 

pure oxygen ozone ia formed. 
Now, electricity is not a kind of 
matter, and hence can add noth- 
ing to, nor can it take any 
thing from, the element oxygen. 
Ozone is thei-efore hut another 
form of oxygen. Moreover, if 
left alone in the jar, ozone will 
in time return to the form of 
oxygen, 

Yigoroua as is the chemical 
' action of oxygen, it is still 
more vigorous in the form of 
ozone. This is the chief dif- 
B in tht action of these allotropic forms. 
i. It u abundant m nature. — -Oxygen is the moat 
abundant element in nature : minerals, plants, and 
animals alike contain large quantities of it. One- 
iifth part of the air by weight is oxygen, eight-nintha of 
all the water on the globe, and about one-half of all the 
aolid rocks. Besides this it forms about four-fifths of 
the weight of vegetable bodies, and about three-fourtlis 
of tliat of animals. It is, perhaps, not too much to say, 
that one-half of all the matter of the world, as far as it 
has been examined, is oxygen. And yet when freed 
from its prisons in solid and liquid bodies, oxygen ia a 
gas, invisible as air and but little heavier. 




Ill, IIYDEOGEN. 

C. — Hydrogen may be obtained from watej-. It it 
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Obtained from water. — Pnre water consists of 
n aiid oxygen, and thei'e are many ways in whieli 
tLey may be separated. Many of the metals have pow- 
er to take the oxygen from water. Jf a piece of sodium 
be dropped npon water it melts into a globule, floats, 
and runs briskly aronnd over the iinrface, taking the 
oxygen to itself and letting the hydrogen go free.. If 
the sodinm be confined in 
a net of wire gauze it may 
be brought under the in onth 
of a test tube previously ' 
flUed with water. (Fig i ) — m 

The hydrogen will then be . 11 

collected in the tube. ' ^/ 

A more practical wa> <. f 
getting hydrogen, isto do 

compose water by means oi ^ . — 

zinc and sulphuric acid ^°^ " ' 

Into a bottle, B, Fig 5 aie put some li i il it uf 
zinc. Through the well-fitting coik pass two tubes, 
one a funnel-^aped tube reaching down into the bottle, 
the other a bent tube reaching over to the eistern of 
water. If now a mixture of water and sulphuric acid 
is poured through the funnel until the lower end of its 
tube is covei'ed, hydrogen will flow lapidly throngh the 
bent tube, and may be collected in jars upon the shelf 
of the cistern. 

2. Its physical properties. — Hydrogen is a colorless 
gas, and when pure has neither taste nor odor. It is 
the lightest of known substances, its specific gravity 
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being only .0692. On this acconiit, among ol;lier 
reasons, chemistB are inclined to make it the standaid 
tor apeeifie gravity. Calling its specific gravity 1, that 
of oxygen is 16, and that of nitrc^en is li. 

3. Its . chemical properties, — Hydrogen j3 a com- 
bustible gas. If a small jar, filled with it, is earefnlly 
lifted from the cistern, and a lighted taper is quickly 
pushed up into it, the gas takes fire with a sliglit ex- 
plosion. Let a })ottlo cdiitaiiiing zinc, water, and sid- 




phiuic at,id be provided with a jet pipe passing through 
a well fitting coik Aftei the h-\diogen harf diiven out 
all the air, if the stream ot gas la touched with a lighted 
taper, it will takefireandcontinoe to burn with a steady 
flame. Notice how nearly colorless is this flame; but 
when.a small wire is ])nt into it, you may see liow quickly 
it wiU glow with heat. The flame of burning hydrogen 
gives hut little light, but it is the source of intense heat. 
When mixed with air, hydrogen explodes ; if with 
oxygen in the proportions of 2 to 1 by volume, the ex- 
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plosion is deafening. If it takes place in free air it is 
not dangerous, but if the mixture is confined in a tiglit 
bottle tbe fragments of tlie bottle will be driven witli 
violence as by a charge of gunpowder. 



D. — Carbon, unlike the elements ju3t described, is a 
Bolid substance. It may be obtained by lieating wood 
in a close vessel, or by bui'ning it in a limited supply 
of air. It occurs in three allotropic forms : diamond, 
graphite, and coal. 

1. Obtained from «;ooc?.~'Wheii splinters of wood 
are heated in a teat-tube closed with a cork through 
wliicli passes a small tube, considerable quantities of 
vapor and gas escape, and the wood turns black. The 
black iriEiss that remains when the gas is tio longer 
given off is charcoal, one form of carbon. In the same 
way, on a large scale, wood is put into retorts and heated 
intensely; its liquid and gaseons constituents are driven 
off, while the solid carbon remains. 

Or again : if we light one end of a splinter of wood, 
and slowly push the burning part into the month of a 
teat-tube, the part in tbe tnbe will only glimmer in the 
small supply of air, or be extinguished altogether. The 
black residue is carbon. In tbe same way when char- 
coal is required in large quantities, piles of wood are 
bnrned nnder a covering of sod and moist eariii, where 
but little air can reach tliem. Smoldering sometimes 
for weeks, the gaseous parts of the wood are at last all 
driven off, while tbe carbon, keeping the form of the 
original sticks, with knots and annual rings still perfect, 
all, however, much reduced in size and weight, remains. 
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2. It isfouiid in nature. — All the different varieties 
of coal are but different impure forms of carbon, tlie 
remains of a vegetation wliich grew ages betbre the 
period of man's creation. 

Enormotia beds of limestone are found on eveiy con- 
tinent, but not a molecule of limratone occurs wliieh 
does not contain an atom of carbon. 

And more : not a single organized body, from the low- 
est form of plant to the highest form of animal exists, in 
which carbon is not an important element. 

S. The diamond. — Of this mo&i valuable gem little 
need be said. Its great power to refract light and its 
wonderful hardness are familiar : these are the properties 
wliieh render the gem so valuable in the arts. The 
light flashing from the different sides of the crystal maliea 
it the most brilliant of ornaments ; its extreme hardness 
renders it valuable in the construction of pivots in 
delicate instruments where friction is to be avoided. 

A roughly rounded pebble found in the sand and 
clay of India or Brazil, the diamond would hardly be 
picked up by one whose eye had not been trained to 
recognize it; but when polished it is at once the most 
beautiful and the most indestructible of gems. It can 
neitlier be melted nor dissolved : it may, however, be 
burned when heated intensely in oxygen gas. 

4. Graphite. — Tliis substance, also called plumbago, 
and more familiarly known as black-lead, ia taken from 
the earth in large quantities for the manufacture of lead 
pencils. It has a black and shining luster, and it is a 
good conductor of electricity, being in these r^pects 
much like metals, 

5. AUotropic forms. — Charcoal, the diamond, and 
graphite, are but different forms of the element carbon. 
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They differ in hardness, in color, in weight, and in many 
other physical properties. They are alike infusible, 
alike able to resist the action of substances which attack 
most other bodies, alike in being nwrnbustible, and alike 
in yielding the same substance (carbonic di-oxide) when 
burned. That they are also alike in being of vegetable 
origin is believed, bnt of the mode in which the dia- 
mond and graphite liave been made from vegetable 
matter little, if any thing, is known. 

(4.) Only 63 elements have yet been didoovorecl. Of 
this number 14 are called non-metals ; the remaining 
49 are metals. All known ioims of matter are thought 
to be made of these elements. 

1. T/is 63 elements. — Some of these substances are so 
very rare as to be of little importance to the chemist ; 
even the existence of two or three is still in some doubt. 
The following table contains a complete list of their 
names, together with other matter for future reference. 







HON-METALS. 


Karnes, 


Symbol! 


. q™. 


rtlv.l™™. 


Boron 


B 




in 


Bromine 


Br 




I 


Carbon 


C 




rv 


Chloiine 


CI 




1 


Fluorine 


F 




i: 


Hydrogen 


H 




I 


Iodine 


I 




I 


Nitrogen 


If 




m 


Oxygen 


O 




II 


riiosphorus 


P 




in 
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Selenium 


Se 


n 79.5 


Silicon 


Si 


IV 28 


Snlphnr 


S 


n 32 


Tellarium 


Te 


n 129 




METALS. 


Alumimim 


Al 


n 2Y.4 


Antimony 


Sb 


HI 122 


Arsenic 


As 


m 15 


Barium 


Ba 


n 137 


Bi.mntli 


Bi 


III 210 


Cadmium 


Cd 


a 112 


Cassium 


Cs 


1 133 


Calcium 


Ca 


II 40 


Cerium 


Co 


u 92 


Chromium 


Or 


n S2.2 


Cobalt 


Co 


68.7 


Copper 


On 


u 63.5 


Didymiura 


D 


u 95 


Erbium 


E 


112.6 


Glucinium 


Gl 


9,8 


Gold 


An 


la 197 


Indium 


In 


II 74 


Iridium 


Ir 


IV 198 


Iron 


Fe 


a 56 


Lanthanum 


La 


u 92 


lead 


Pb 


n 20r 


Lithium 


li 


I 7 


Magnesium 


Mg 


It 24 


Manganese 


Mn 


II 55 


Mercury 


Dg 


a 200 
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s,..oi.. a..i.t»i. 


Molybdenum 


Mo TI 


Kickel 


m 


Kiobinm 


Kb 


Osmium 


Os IT 


Polladinm 


Pd II 


Platinum 


Pt IT 


Potassium 


K I 


Eliodium 


Eh II 


Eiibidinm 


Eb I 


Entlieninm 


En IT 


SilTcr 


Ag 


Sodium 


Ka 


Strontium 


Sr n 


Tuntalnm 


Ta T 


Thallium 


Tl 1 


Thorium 


Th 


Tin 


Sn IT 


Titanium 


Ti IT 


Tungsten 


W VI 


Uranium 


TI m 


Vanadium 


V in 


Yttrium 


T n 


Ziiie 


Zn n 


Zireoniuin 


Zr 



58.7 

94 
199.2 
106.6 
197.5 

39.1 
104.4 

86.4 
104.4 
108 

23 

87.6 
182 
204 
113.7 
118 

50 
184 
120 

61.3 

61.6 

63.2 

89.6 



(3.) The non-metals lately discovered 
named from some eharacteristio property they p 
the names of metala in addition to this receive the com- 
mon termination um. These names are represented by 
symbols. 

1. Mamiwj tlie elements. — Many of the elements re- 
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tain the names given them before any rules of noraen- 
clature were fixe.l. Such ai-e salphar, iron, and the 
preeiona metals. 

In the ease of non-metals lately discovered, some 
property of the e' ?ment is seized upon to furnish a name. 
Thns, c/tlorine was seen to be a greenish gas : the name, 
chlorine, is from the Greek word meaning green. Hy- 
drogen when horned was found to produce water, and 
its name is from the Greet words meaning, to form 
water. To distinguish the inetals from non-metals 
their names end in utn. Potassium, sodium, and cal- 
cinra are examples. 

2. Symloh. — Instead of writing the names of de- 
ments in full, chemists have agreed to use a set of sym- 
bols to represent thera. These symbols are the initial 
letters of the names (often of the Latin names), or in 
ease two elements have the same initial, a small letter is 
added to the initial. Thus O stands for oxygen; N, for 
nitrogen ; H, for hydrogen. Of carbon, cobalt, and cop- 
per (Latin ciiprum), the symbols are 0, Co, and Cu. The 
symbols of all the elements are given iu the table pre- 
ceding. 

(6.) Compounds are substances made of two or more 
elements, but whoste properties differ from those of the 
elements which compose them. We may notice water 
and carbonic di-oxide, s& examples. 

1. Com^poimds.— Iron left in moist air is soon cover- 
ed with rust ; indoed, the whole piece may be finally 
changed to iron .mst. Now, this rust is made of the 
metal iron, and the non-metal oxygen which the iron 
has talcen from thi^ moisture of the air. But how dif- 
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fercnt ai-e. tbe qualities of rust from those of either iron 
or oxygen ! It is a compound of these two elements. 

Other iiietale may be roated by being ex[josed to the 
air, or, if need be, at the same tinie heated. Mercury, 
for example, if heated for a long time in air forms a 
rust comijoaed of mercury and oxygen. It is a red 
powder in which both these substances exist, but which 
show the properties of neither. That this " red oxide 
of mercury" contains both elements may be easily 
proved. For this purpose a tube contaiuing a small 
quantity of the oxide is tightly doaed with a perforated 
cork trora which a bent tube Fig, o. 

passes over to the water of the 
cistern, (Fig. 6.) By heating 
the tube the air wHl be di-iven 
out, and if afterward a small 
vial filled with water is invert- 
ed over the end of the tube, 
it will be quickly filled with 




Little globules of shining 
mercury will be found clinging 
to the sides of the tube, while 
the gas, tested witli a lighted taper, is found to be oxygen. 

Yery few of the sixty-tliree elements are found aa 
elements in nature; they are for the most part known 
only after being set tVee from the compounds in which 
they occur. Nearly all substancee, then, are compounds 
or mixtures of coinpouDda, 



— Pure water is a compound of oxygen and hydro- 
In nature it occurs in the solid form as ice, in 
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the liquid state as water, and in the gaseous form as 



1. Water is a compound. — We have seen that hjdro- 
jiten is a combustible gas. Bat when burnt it is no 
longer hydrogen : what change takes place ? Lot the 
following experiment teach us : 

Over the flame of burning hydrogen bold a jar 
filled with oxygen as shown in Fig. 7. Instantly the 
sides of the jar, a moment before thoroughly dry and 




clean, are dimmed with steam, and if they are kept 
cold, the steam is condensed until it trickles in deli- 
cate streams of water down to the edge, and finally 
drops frem the jar. Now, the hydrogen from the hot- 
tie and the oxygen in the jar must have formed this 
water ; no other substances took any part in the flame. 
Hydrogen, a combustible gas, and oxygen another gas, 
which more than any other quickens flame, have formed 
the water which quenches Are. "Water is thus shown 
to be a compound of hydrogen and oxygen, 

2. Its properties. — Water is too familiar to need a 
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long description. Let us notice only tliat it evaporates 
at all temperatares, keeping tlie air charged witli its in- 
vieible vapor, whicli when condensed prodnues ibgs and 
mists, dews and rain ; that it boils at 100°C. (213° F.), 
freezes at 0° 0. (33° F.), and has its greatest density at 
i" 0. (39" F.). At a temperature of 15° 0. (59° F.) it 
is 819 times heavier than air. Of the chemical proper- 
ties of water we shall learn in futnre lessons. 



B. — Carbonic di-oxide is a compound of carbon and 
oxygen. It may be obtained from marble hy the a(!tion 
of hydrochloric acid. It is a heavy colorless gas which 
extinguishes fire, and when breathed causes death, 

1, Garbonio di-oxlde a compound. — Into a jai- of pure 



oxygen, 



s of a wire 



a piece of charcoal bark on which 

there is a spark of fire (Fig. h") 

Quickly the charcoal bursts into i 

heautifni and vigorous eombus 

tion. When the burning is o\ ei 

we may see that either the whole 

or a part of the charcoal has dis- 

appe^wi, and that the jar is still 

full of colorless gas. But if lime 

water is poured into the jar, the 

gas colors it a milky white. K( v, ■ 

oxygen can not turn lime witei 

milky, hence another colorless gas ^^ ~ ~ 

must have been formed. Thisnevgai i,. _iil .oil di 

oxide (carbonic acid); and since carbon and oxygen are 

the only substances which took any part in the experi- 
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loeiit, carbonic aciJ must be coinposed of these ele- 
ments. 

2. Obiairied from wiarhU. — Carbonic di-oxide ia a 
constituent of marble, and may be obtained from it by 
tlie following process. Small fragments of marble are 
put into a bottle whose cork is provided with two 
tubes, one reaching to the cistern, the other a funnel 
tube reaching nearly to the bottom of the bottle. (Pig. 
9.) Water is poured through the funnel until the 




lower end of its tube is covered, and liydrocljloric acid 
is then added. A violent agitation quickly begins Iti 
the bottle ; carbonic di-oxide is set free, and is collected 
in the jar over the water. 

3. Its properties. — Carbonic di-oxide is a colorless 
gas; in this respect it is like the others which have 
been e^iamined. If a liglited taper is plunged into it, 
the flame is instantly extingnished ; in this respect 
carlwnic di-oxide resembles nitrogen. If lime water 
3 to its action it will be turned milky: this 
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effect can not be produced hy eitlior of the other 
gasea. 

Carbonic di-oxide is muoh heavier than air ; its density 
being 1.529, To illustrate: let the end of the beat 
tube from the bottle in wliich this gas is made be 
placed in a jar, standing with its open month upward. 
In a little time a lighted taper, lowered into the jar, 
is qnenehed, showing that the jar is full of the gas. 
Tlie gas remains in the open vessel as water would, 
and just for the saine reason, it is heavier than air. In- 
deed, it may be poured from one vessel to another like 
water ; its flow can uot be seen, but a lighted taper or 
lime water will show its presence in the second vessel 
and its absence from the iirat. 

Unlike other gases thus fai- examined, carbonic 
di-oxide may be condensed to a liquid and even to a 
solid state. As steam when cooled becomes water, so 
this gas when made cold enough becomes a liquid; the 
temperature required is— 106°. AniJ as, by being 
cooled still fai"ther water is frozen, so carbonic acid 
may be changed from the liquid to the solid form. To 
reduce the temperature low enough, the liquid acid 
is suddenly exposed to air at ordinary temperature ; 
it evaporates so swiftly that the large amount of heat, 
taken up by the change from the liquid to the gaseoufi 
tbrm, leaves the rest of the liquid so cold that it freezes. 
Gases may be liquefied not only by cooling them, the 
same effect may be produced by prt^ssure. Thus steam 
w'hose temperature is kept up to IWf C, will be changed 
to water by pressure : eo carbonic di-oxide, by a greater 
pressure, may be liquefied. At a teaiperature of 0° 0. 
it takes a pressure of 36 atmospheres, equal to 540 lbs. 
to the square inch. 
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Carbonic di-oxide, when breathed, poisons the system. 
If pul-e, it causes spasms in the air-passages, which may 
pi'eTent its going to the lungs; bnt when mixed with 
air, it can be easily breathed, and, if in sufficient quan- 
tities, it causes death. Even as much as one-tenth per 
cent, is injurious. 

4, It oeaura in nature. — In small quantities carbouic 
di-oxide is always present in air and water : in the solid 
earth, being a constituent of all limestone rocks, its 
quantity is immense. 

(7.) The composition of a compound may be de- 
termined by analysis and synthesis. There are various 
methods of analysis : we may notice, Ist, by electricity ; 
3d, by the prism; and 3d, by Uie chemical action of 
substance upon one another. 

1. Analysis. — Any process by which a compound 
may be separated into its constituents, and its com- 
position determined, is called analysis. If in the process 
only the names of the constituents are found, the anal- 
ysis is qualitative ; if their proportions aro fonac!, the 
analysis is quantitative. 

3. By dvotricity. — ^Many substances may be decom- 
ptBed, and tlieir composition tbund, by the action of 
electricity. Such a proce^ is called eleotrdlysis. The 
most interesting example of electrolysis is that of 
water, and this will be the only example we need to 
notice now. Two platirmm strips are inserted in a 
jar of water, and over them are inverted two long 
and slender tubes, previously filled with water. (See 
Fig. 10.)^ 

The wires of a galvanic battery are then inserted in 
the screw cups, s s. Instantly a ton-ent of gas bubbles 
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rises in eaeli tube, and mil contiiine to do so until tlie 
tubes are filled. Tliese two gi^es are tlie (ioustitnents 
of water. As the experiment goes on, it will be noticed 
that one tube is being filled faster tliau tiie other; in- 




deed, bem^ ot equal size, one filh jiist imtu as fast as 
the otlier If tlie gases aie tested thit which is inc^t 
rapidly set free is found to be hydiogen the other oxy- 
gen. The experiment teaches that water is composed 
of hydrogen and oxygen, m the piopoitiou by volnme 
of 2 of hydrogen to 1 of oxygen. 

Tlie oxygen will invariably rise* over the positive 
electrode of the battery : it is therefore called the elec- 
tro-negative element, the hydi'ogen is electro-positive. 
Many other liquids may be analyzed in a similar way, 
and their constituents are electro-negative or electro- 
positive, according to the electrode over which they 



3. Jly the prism.- — When the light of a burning sub- 
stance is passed through a prism it is decomposed, and 
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the appearance of tlie speetTum will depend upon tlie 
nature of tlie burniiig substance. Tleiice tlie eoiistlt- 
Tients of a fOQiponnd may be told by the appeaa'ant-e 
of its Bpectruni. Tbia metiod of detecting the presence 
of substances is called spectrum analysis. 

For example : When the speetrnra of burning sodium 
18 viewed through a telescope, two bright yellow lines, 
very close together and of surprising brilliancy, are 
seen in the yellow part of the spectrum. Or, if potas- 
sinm is bnrntid, a single crimson Hoe and another of 
blue, both of great beauty, will be seen in opposite 
ends of the spectrum. Nor will the appearance of 
either set be clianged by the presence of the other ; fur, 
if a mixture of sodium and polassinm is burned, the 
observer will see both sets in the same spectrum, their 
place, size, and briglitness the same aa w hen eacli v.as 
formed alone. The spectra of many elements have 
been carefully studied ; they can be easily recognized 
by one who has previously made their acquaintance. 

This method of analysis has already led to tlie dis- 
covery of four new elements; their names are: Knbid- 
ium, OEesium, Thallium, and Indiam. 

4. Sy chemical aciion. — The methods of analysis 
jnst described are limited in application. Tlie general 
method is by the chemical action of bodies upon each 
other. More than a hint of this metliod would be out 
of place here. But suppose, for example, that a soln- 
tion of unknown substances in water is to be analyzed. 
A few drops of hydrochloric acid may be added. ]f a 
white,Bolid substance is formed, it shows tlie presence 
of eitlier silver, mercury, or lead. To iiiid out which 
of these metals is present, a little ammonia is added : 
if the solid disappear.s again, the metal is silver ; if it 
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simply turns black, mercury is present ; but if it re- 
mains unchanged, the metal is lea^. If the acid fails 
to produce the white solid, or precipitate as any solid 
formed in this way froin solution by the action of 
chemicals is called, then these three metals are counted 
absent, and some other agent is used by which another 
group of metals may be detected. 

5. Syntliesis. — The composition of a compound may 
be found by causing its constituents to combine, and 
noticing the proportions' required. This process is 
called syntliesis. The synthesis of water may illustrate; 
it may be made in an apparatus called a eudiometer. 
This instrument is a glass tube, open at one end and 
carefully graduated, having two metallic wires passing 
through the glass near the closed 
end, and almost touching each other 
inside. To use it, measured quanti- 
ties of hydrogen and oxygen, say 50 
volumes of each, are put into it. The 
tube should still be at least half full 
of water, and should be iirmi^ held 
with its open end in the cistern 
If now electricity from a Leyden ]ai 
is passed through the mixtuie (see 
Fig. 11), the two gases combine with 
violent explosion; water will be 
formed by their union, and water -^^H'^^tf 
Irom the cistern will rise into the ^^^^^^^ . 
tube to fill the space they occupied 
The quantity of gas left will be tomid to be 25 vol- 
umes, and, if tested, will be found to be ox\gen It is 
evident that 50 volumes of hydrogen have taken 25 
volumes of oxygen to fonn water, and the experiment 
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teacl'.es that water is coinpcteed, of hydrogen and cxy- 
geu in the proportions of two volumes of hydrogen to 
one of oxygen. 

(8.) Mixtures are substances made up of two or more 
elements or compounds, each of which retains its own 
properties. As examples we may notice air, and water 
as it is found in nature, 

1. Mixtures. — When two or more substances are put 
together without causing any new properties to arise, 
the sulstance formed is called a mixture. Sugar and 
salt may be crushed to the finest powder and thoroughly 
shaken or ground together, yet no change will be pro- 
duced ill their character. The mass has no pro^jerty at 
last not po^essed by one or the otlier at first ; it is not 
a compound but simply a mixture. 

Now, such is the character ofalmost every body found 
in nature. If elements are seldom found uncombined, 
so both elements and compounds are stil! more rarely 
found in nature pure. Rocks and soils are mixtures. 
The air we breathe is a mixture of elements and com- 
pounds, and it is no exaggeration to say that not a drop 
of pure water exists upon the earth. 



A. — Air is a mixture of nitrogen, oxygen, carbonic 
di-oxide, and water, with small quantities of many other 
gases. 

1. Nitrogen is a constUtmU of air.— Let a jet of 
hydrogen be burned in a bottle of air. T'or this pur- 
pose an india-rubber tube from the bottle B, ITig. 12, 
ends in a jet pipe which passes tightly through one of 
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two boles in a cork wiicli fits tlie air bottle A. Set lire 
to the Jet of hydrogen and insert it in the air bottle, 
whose noek may then be lowered into water. The hy- 




drogen hums for awhile anJ tl e eises tl e in 

the mean time rising a 1 ttle 1 at n e t he le 

If the jet pipe be now remo\ ed and the i emaining gas 
tested, it will he foimd to be nitrogen. Hence nitragen 
is a constituent of the air, 

2. Oxygen is a constituent of air. — We have seen that 
niei'cury, when heated for a long time in air, is changed 
to ared oxide of mercury, and that if this oxide is heated 
(see p. 25) the metallic mercury will be restored while 
oxygen will he given off. !N"ow observe : the oxygen set 
free from the oxide in the last heating must have been 
taken from the air in the first. Tlie experiment teaches 
that oxygen is a constituent of air. 

3. Carbonie di-oxide is a constituent of air. — Let a 
goblet of lime water stand for a few houi-s exposed to 
the air : a crust will be formed on its surtace. This 
crnst is of the same material that rendered lime water 
white when acted upon by carbonic di-oxide (see p. 28), 
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and we therefore infer tliat carbo;iLt! di-07;kle is a eon- 
Btitnewt of the air. 

4. Water is a constituent of air. — That a vessel of 
ice water on a warm day will in a little time lie !;overed 
with drops of dew, is a fact sufficiently taiiiiliai'. Now, 
the water collected on the vessel can have eome oiiiy 
Irom the air. It must liave been in the air in the form 
of invisible vapor, which, cooled by the cold sides of 
the vessel, is condensed. Hence water is a constituent 
of tlie air. 

B. The proportions of nitrogen and oxygen,. — By far 
the latter part of the atmosphere consists of nitrogen 
and oxygen ; their proportions may be found by experi- 
ment. A vessel, V, Fig. 13, has two openings closed with 
stop-cocka, c and d. To the upper stop-cock is attached 




a series of tubes, one, t, with a bulb in which is put some 
copper to be heated by a lamp below ; others, p p, con- 
taining potash, and others still, a a, containing sulphu- 
ric acid. 

The capacity of the vessel ie accurately Itnown, and 
at the beginning of the experiment it is quite full of 
water, "When the stop-cocks are opened, air will flow 
througli the series of tubes entering at o, iintil the vessel 
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is filled. In passing through a «, all its water will be 
talfen oat by the aoid ; in going tlirough pjy. all its 
carbonic di-oxide (carbonic acid) will be taken by the 
potash ; in passing over the heated copper in the bulb, 
it will give up all its oxygen, and the nitrogen will be 
left to enter the globe alone. Now notice : if the tube 
i be accurately weighed before and after the experi- 
ment, what it has gained will be the weight of the 
oxygen taken from the air that passed through it. The 
vessel V is filled with the nitrogen from the same air, 
and, sinoe the capacity of the vessel is known, the 
quantity of gas is also known. By this means it has 
been found that air, from which water and carbonic 
di-oxidc have been taken, contains, by weight, 76.9 
parts nitrogen to 23.1 parts of oxygen in 100 pai'ta of 

6. The proportions of water and oarhonie di-oxide. — 
Now the qnantities of water and carbonic di-oxide 
might also be found in this experiment by weighing the 
tubes in which they are left, were it not that in so small 
a quantity as the vessel fall of air they are too small 
to be very appreciable. If, however, larger quantities 
of air are passed, the increase in weight will be quite 
enough. It has been found that the quantities of these 
sntffitances vary at different times and places, being 
always very small. 

The quantity of water is exceedingly variable. It 
depends upon locality and temperature. At 15° 0. the 
largest quantity that air can hold is^of its own weight. 
Commonly the amount is far lees than this. 

The proportions of carbonic di-oxide is usually given 
by volume. It varies from -^^ to more than ynW' 
averaging about -g-j-'u^. 
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7. The air is n raixture. — In the properties of the 
atmosphere we discover none that do not belong to one 
or the other of its constituents. The oxygen causes 
bodies to bnrn, not so freely, of eonrse, ^ if it were pure. 
The nitrogen, if pure, would quench all flames ; in the 
air it hinders the burning which it can not quench. So, 
too, the water vapor, by being cooled, is condensed into 
clouds and rain water, just as the pure substance first 
becoraes visible as white vapor and then changes to 
water. And finally, the cai'bonic di-oxide of the air 
tarns lime water white just as the pure gas would do, 
only in a less degree. Hence the air is a mixture of its 
constituents, not a compound. 



B. — The solvent power of water is greater than that 
of any other liquid ; on this account pure water is never 
found in nature. AH natural waters are mixtures. 

1. Tfi^ solvent power of water. — A substance is said 
to be dissolved in water when itjs particles are so com- 
pletely separated and scattered through the liquid as to 
be invisible. Its c<ihesion is entirely overcome by the 
stronger force of adhesion between its particles and 
those of water. A substance that may thus disappear 
is said to he solvMs, and the fluid which contains it is 
called a solution, while that which dissolves it is called 
a solvent Salt is sohible in water ; the brine is a solu- 
tion, the water a solvent. 

But it is well known tliat only a certain quantity of 
salt can be dissolved in water, all added beyond that 
will remain undissolved. It is so with other solids ; 
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water can only dissolve a limited quantity. A solution 
in which the fluid has all it can hold of a soluble body 
ia said to be saturated. 

The solvent power of water may be increased by heat. 
To this, however, there are some exceptions. Oomtnon 
salt, for example, will dissolve about equally in hot and 
in cold water, and lime much better in cold than in hot 
water. 

Many gases, also, are soluble in water. Oxygen and 
nitrogen are examples, small quantities of both these 
gases, taken trom the air, may be found in all natural 
watere. Like solids, each gas liae its own degree of 
solubility ; oxygen for example is more soluble than 
nitrogen, while carbonic di-oxide is much more soluble 
than either. Of this gas, water will dissolve about its 
own volume. Others are still more soluble ; of ammo- 
nia gas, water at 0° C. will dissolve 1,049 times its 
vf>lunie. 

Other liquids beside water are often used as solvents, 
but none may be so universally applied.' 

2. Natural waters are impure, — Because water can 
dissolve so many other bodies we may not expect to 
find pure water upon the earth. Coming from the 
clouds it dissolves the gases of the atmosphere ; sink- 
ing into the soil, it dissolves the minerals it meets, aiu! 
flowing over rocks, it dissolves their materials. Hence 

: the waters of all seas, lakes, rivers, and wells, are, with- 
out exception, impure, the kind and quantity of their 
impurities depending o:i the material over which they 
have passed. 

3, Mineral sprinffs, — Salt spring are those whose 
waters have dissolved out the salt from the soil through 
wlrch tliey have tloived. In another place some o;her 
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siibatance may exist in tlie soil or rocks, and the water, 
dissolving the^e, forms other kinds of mineral springs. 

4. The mUixess of the sea. — ^In a similar way we may 
account for tlie saltne^ of the sea. Common salt is 
scattered in small quantities through most soils and is 
dissolved by water which trickles through them. This 
water collects in rivers and finds its way to the sea. 
From the sea, water can only escape by evaporation ; 
by this process, only pure water escapes ; the salt is 
left behind. Age after age tins work goes on, and 
lai^e quantities of salt have thus already been accu- 
mulated in the sea. 

Salt lakes are found, such as the great salt fake of 
Utah. They are lakes without an outlet, so that while 
the water may escape by evaporation, there is no escape 
for the salt. 

5, ^ucA solid impurities increase the weight of t/te 

Ffj. u. water. — A very pretty ex- 

periment shoivs that brine 
is heavier than fresh water. 
In the first place a small vial 
is partly filled witli a colored 
liquid, so that when corked 
it will just sink in fresh wa- 
ter. Into a tall jar, Fig. 14, ; 
put fresh water several inches 
deep, and into this the little 
vial. Now by means of a 
- ""^ ^ ^J 1 1 ['' . ^ ^? ^^. long funnel-tube a saturated 

''■ " — ■ -r^T- s:)lution of salt, may, with 

~~ ~ care, be poured to the bottom 
of the 1 11 without mixing witli the fresh water above. 
The fresh watei will be lifted, floating on the brine, 
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while the little vi.il, also lifted, marl 
tctweeii them. 



s tiie dividing line 



iSD CPSMOSE. 

C. — Tlio adhesive attraction hetween iiioleculea of 
different liquids will ol'teii cause them to mix if they 
are merely brought in contact. This action is cailed 
tlie diffusion of liqiiids. Diffusion may take place 
tlirough memhranes and other porous solida : it is then 
called osmose. Gases also mix; by diffusion and osmose. 

1. The diff'uaion of liquids. — If in a tall jar some 
colored water is placed, alcohol may, with care, be 
poured upon it without mixing the fluids. Being hght- 
er than water the alcohol floats, and being colorless, 
the line of division may be distinctly seen. After a few 
hours the liquids in the jar will be found colored uni- 
formly throughout. The liei^i p u 
water has risen ; the lightei il 
eobol baa sunk, and a unifomi 
mixtnre is formed. Liquids w huh 
when shaken together ^ulli em iin 
mixed, will diffuse whun biou^ht 
in contact, but those which %e\ 
rate again when standing iwliilt, 
will not diffnse, 

2. Osmose of liquids — A thin 
membrane or porous sub'^tanee 
will not prevent liquids fioni 
mising. To illuatrate let i 
bla<lder ho firmly tie! o%ei thi. 
end of a lamp-chimnej or other gla^s tube ind being 
filled with alcohol, let Jt Iil piL ^Ld t lit \q w i\ mtj 
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a vi^sel of ■water {Fig. 15). After a time, the fluid will 
be seen griidually rising in tlie eliimiiey. Tlie water 
flows ill to mix with tlie alcohol, and a smaller quantity 
of alcohol flows out at the same time. This mixing of 
liquids through porous solids is called osmme. 

3. The diffusion of gases. — Diffusion among gases is 
more rapid than among liquids. The following experi- 
ment will clearly illustrate this important property. 
Two strong bottles with narrow necks, one filled with 
oxygen, the other with hydrogen are placed with their 
open iieelis together, tlie oxygen being at the bottom. 
After considerable time, the gases in both bottles will 
explode at the touch of a lighted taper. Neither oxy- 
gen nor hydrogen is explosive, but their mixture ia. 
The oxygen must have risen into the upper jar, and the 
hj'drogen must have fallen into the lower one until a 
mixture was formed in both. Gases diifuse in spite of 
gravitation ; nor will other mechanical forces prevent it ; 
a gas will spread in direct opposition to a current of air. 

On examination it is found that hydrogen will diffuse 
4 times as fast as oxygen. Now the densities of these 
gases are as 1 : 16 ; but notice, their diffusive rates are 
as 4 : 1. In other words, iJieir diffusive powers are in- 
versely as the square roots of their densities. This law 
ajiplies to the diffusion of all gases. 

4. The osmose of gases. — Porous substances can not 
stop the mixing of gases. Hydrogen can not for any 
length of time be kept pnre in india-rubber bags : it 
will pass through the pores to mix with the air outsida 
The osmose of hydrogen and air may be showii very 
beautifully with the apparatus Been in Fig. 16. A 
porous cup (of Grove's battery) is fitted air-tight to a 
tube which reaches into colored liquid, eoritaincd in a 
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bottle. If a jar of liydrogen is held o( 
bubbles instantly rush out of tlie tube 
showing that hydrogen has entered to mix 
■with the air insida Nor is this all : if the 
jar is removed, the liquid quickly risra in 
the tube, showing that the hydrogen has 
gone to mix with tho air outside the cap, 
and that it has gone so much faster than 
air could flow in, that a partial vacuum 
has been formed. 

"We can now see why gases of such dif- 
ferent weight as those which form the 
atmosphere are kept uniformly di&tributed 
instead of forming layers, the heaviest at 
the bottom. Think, moreover, how vast 
the quantities of unwholesome, and even 
poisonous gases, which ai'e given off by 
decaying substances, and from sewers, 
swamps, and marshra. Were gases sub- 
ject only to the laws of gravitation, the 
heavy and poisonous carbonic di-oxide, with n 
and efdnvia, would render animal life impossible, 



{9.} Substances in a mixture may be separated by 
various processes ; we will notice filtration, evaporation, 
and distillation. 

1. J^iltratioii.—'Whea a solid in fine division is mixed 
with a liquid, it may be separated by passing the liquid 
through some porous substance which will not let the 
particles of the solid pass. The process is called filtrar 
tion. The porous body tlirough which the fluid passes 
is called a filter, and the clear liquid which issues is 
called the iiltrate, A filter of common form is made 
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of n a zel I pe Cat in the sliapo of a circle, it ia 
^ folded so aa to fit into a funnel (Fig. 

7). The tnrbid fluid, poured upon 
, filters through to be caught in the 
vessel below, while the sediment is 
hft upon the filter. 

2. Evc'jpoixKtion. — ^When a solution 
a gently heated the solvent slowly 
\ adses off as vapor, while the soluble 
e >Iid is left behind. Exposed to the air 
=^ 1 quids slowly evaporate and leave the 
eolida which may liave been dissolved 
the Ft th 3 process only the soluble substances 
1 llleret ed the solvent passing away into the air. 
3. Distillation. — Distillation consists in boiling a 
liquid and afterward condensing the vapor in a sep- 
arate vessel. It may be resorted to when the solvent is 
a valuable substance, or when liquids are to be separa- 
ted from each other. Of the first case we have an ex- 
ample in the common process of distilHrig water. The 
impure water is boiled and the steam is carried over 
from the boiler to be condensed in a receiver kept cold 
by a stream of water running upon it. This condensed 
steam is nearly pure water. Greater purity may be 
secured by repeating the process. 

Different liquids boil at different temperatures. 
Water, for example, at 100° 0. (212° P.) and alcohol at 
80° C. INow suppose a mixture of these liquids is heated 
to SO" 0. The alcohol will be boiled, while but small 
quantities of water will evapom'e, Tlie a'colml will be 
driven over and may be condensed in anotlier vessel, 
while the water will, for the most par', ramaiii. In this 
way liquids may beseparated from cac.li other. 



Healed byGoogIc 



c n E M : S T il Y. 



OUAPTEE TI. 



ON OHlOrllCAL AriK ACTION. 

General Statement. — Attraction acting upon the 
atoms of bodies, under certain conditions, and subject to 
definite laws, produces all compound substances. 

(10.) Cbemical attraction can act only between unlike 
kinds of matter. It must be sfcroiii^er than the molecu- 
lar forces which oppose it in order to cause combina- 
tion. 

If substances in solution contain the constituents of 
an insoluble compound, this compound will be formed. 
Or if they contain the constituents of a compound 
which is volatile at the temperature of the solution this 
compound will be formed. 

1. Chemical attraction. — By chemical attraction we 
mean the attraction which causes constituents to com- 
bine, and which afterward holds them in combination. 
Tims, when hydrogen burns in air, water is formed ; it 
is the chemical attraction which unites the hydrogen 
and oxygen, and the same influence afterward holds 
them together in tbe form of water. 

2. /( acts only between unlike hinds of matter. — Two 
portions of hydrogen may be put togetlicr, or two por- 
tions oF oxygen, but in neither case can there be a 
change of properties. In neither case will the action of 
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cliemieal attraction be possible even thoiigb beat or 
electricity be applied. But if tbese two kinds of gas 
are mixed, and tben beated by a mateb, combination 
instantly follows, and water is prodaced by tbe action 
of chemical attraction. 

Adhesion also acts only between different binds of 
matter, but unlike adhesion, chemical attraction always 
produces new and diiferent substances out of those on 
■which it acts. 

3. It imtst ie stronger than other -moleoular forces.— 
In the solid forms of matter, cohesion is generally too 
strong to be overcome by chemical attraction ; so too in 
gases, molecular repulsion is often too strong. The 
liquid condition, in which these forces are nearly bal- 
anced, we iind to be most favorable to chemical action. 

To weaken cohesive attraction is to facilitate chemi- 
cal action, Potassie chlorate and sulphur, in very 
small quantities (to avoid danger), when rubbed together 
in a mortar produce a series of violent explosions. Now 
in this case the cohesion of these solids is overcome, 
while they are at the same time pressed into close con- 
tact ; by this means the chemical attrai^tion ie enabled 
to form new compounds of their elements. 

To pulverize a solid is not, however, always enough. 
Thus if sodic carbonate and tartaric acid, both in the 
finest powder, be mixed most thoroughly, or rubbed to- 
gether violently, no chemical action will take place. 
But when a little water is added to this mixture, a violent 
chemical action will quickly follow, JNow in this case, 
the water by dissolving the solids has overcome cohe- 
sion to sncli an extent that chemical attraction can bring 
about a chemical action. In this way solution very 
generally facilitates chemical action. 
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Coliesion may also be overcojne by heat ; for this i-ea- 
8on heat is often applied to liring about a eliemical ae- 
tioD, Heat may also be used to cause a coiTibination of 
gases among whose molecules there is a strong repul- 
sion instead of attraction. Such is the ease with a 
mixture of oxygen and hydrogen which explodes at the 
toaeh of a match. It may be supposed that the heat, 
in such cases, by increasing the vibrations of the moJe- 
cules, throws those of different kinds together, and in 
this way, assists the chemical attraction. 

i. liodies in solid and gaseous form may combine. — 
Tet we must not suppose that no two solids can com- 
bine without their cohesion being first overcome by the 
methods just described. If, for example, upon a thin 
slice of phosphorus a crystal of iodine is laid, the two 
will shortly bui-st into a rapid and curious combustion, 
Nor is it true that no two gases will combine when sim- 
ply brought in contact. Tlie nitric oxide (see p. 55) 
wlien it meets with oxygen in the air instantly seizes it, 
and the eherry-red fumes announce tlie combination of 
these colorless gases. But such examples are quite rare ; 
the liquid form is most favorable to chemical action. 

5. Bodies in solution do not aiioays act chemically. — 
On the other hand substances in solution do not always 
act chemically, A chemical action will take place, 
however, if they are capable of forming a new substance 
which is insoluble in the liquid. T'or example ; it has 
been seen (p. 32) that when hydrochloric acid is added 
to a solution of a compound containing silver, a white 
precipitate is formed. Now the acid contains chlorine, 
but the compound of chlorine and silver is not soluble 
in water, and a chemical action takes place 'by which 
this insoluble compound is produced in the form of a 
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white precipitate, K then, one can know the constitu- 
ents of the hodiea in solution, and the solnbiHty of the 
new compounds which they are ca.pable of forming, he 
can predict whether any chemical action will take 
place, and if there should, what new compoimd would 
be formed. 

Again ; if bodies in sohition have the constituents of 
a substance, which would be a gas at the temperature 
of the experiment, a chemical action will take place, 
and this gas will he formed. In sodie carbonate, for 
example, there are carbon and oxygen— the constttucnts 
of carbonic di-oxide, which we know to be a gas at com- 
mon temperature. Kow when tartaric acid is added to 
a solution of sodie carbonate a violent action follows 
and carbonic di-oxide is set free. Had there not been 
the constituents of a gaa in these solutions, this chemi- 
cal action would not have occurred, 

(11.) Chemical attraction is governed by laws, gen- 
erally called laws of combination. They may be stated 
in reference either to the volumes of the constituents 
which unite, or to their weight. 



I. — COMBINATION BY VOLUME. 

A. — The fii«t law states that a compound is always 
formed of the same constituents in the same proportions 
by volume. This law may be illustrated by tlie com- 
position of water, of hydrochloric acid, and of ammonia. 
Combining volumes are the smallest relative proportions 
by volume in which substances combine. 

1. The law illustrated iij wulet'. — By the analysis of 
water (p. 30) the volume of hydrogen was found to be 
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just twice as great as that of oxygen, Kow from what- 
ever source water is taken, it is found to be made up 
of juat these two gases, and in these same proportions — 
two of hydrogen to one of oxygen, 

2. Ths law iihistraUd hy hydrochloric acid. — The 
liydrochloric acid found in commerce is a lic[uid, but a 
simple experiment will show tliat this liquid is the solu- 
tion of a gas in water. Some of the liquid is pnt into 
a flaak (Fig. 18), and heated: a colorless gas is by 
this means driven over through the bent tube, and, be 




ing di'ied while going tlirougb sulphuric acid in the 
bottle B, finally enters a jar, previously filled witli mer- 
cury, and inverted over a small cistern of the same 
fluid. If, when the jar is full of gas, it be taken from 
the mercury and its open mouth inserted in water, the 
gaa will be dissolved, the water rising into the jar at 
the same time with surprising swiftness. Now, the 
solution thus obtained is found to be wealc hydrochloric 
acid, and we hence learn that the real acid is a gas. 
Of what is this acii^ composed ! another experiment 
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will teacli us. Into a V-shaped tube (Fig. 19) put 
enough of the liquid acid to fill one aiiri, a, which is 
closed, and partly till the other, J, which is left open. 
There is a platinum strip 
in the li(jnid of each arm ; 
to that in the closed end 
fix the negative wire of 
a battery and the posi- 
tive wire to the other. 
This done, a colorless gas 
is seen to collect in the 
closed arm, and this gas, 
when tested, is found 
to be hydrogen. !Now 
change the battery wires, 
fixing the positive pole to 
the closed arm ; the hydrogen bubbles will escape into 
the air at S, and after some time a greenish gas will be 
seen collecting in the closed end of the tuhe. This 
gas is chlorine, which will, in due time, be care- 
folly examined. Since no oxygen is given off in this 
experiment, it follows that it is the acid and not the 
water, which has given these gases ; hence bydrochloric 
acid is composed of hydrogen and chlorine. 

We mnst next find what proportion of these gases 
combine to form the acid. This may be done by syn- 
thesis. Tor this purpose, a strong, graduated glass tube, 
closed at one end, is used. Having been first filled with 
mercm'y and then inverted over a cistern of the same 
liquid, a measnred quantity of chlorine and afterward 
another larger quantity of hydrogen is passed into it. 
The tube (Fig. 20) is then left several liours exposed 
to diflfuse light, and afterward for a few moments to 
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direct snnliglit. This done, tlie open end is tightly 
shut with the linger, and the tuhe removed to a vessel 
of water under which it is again opened, ^'s- 2"- 

The water rises qniekly, until it fills a 
Bpace^'ws^ twice as great as was at first 
filled with chlorine. The remaining gas, 
tested with a burning taper, is found to 
be hydrogen, and the water contains hy- 
drochloric acid. This shows that the two 
gi^es combine in equal volumes to form 
the acid. 

Kow, by whatever means the compos 
sition of this acid is found, the same re- 
sult is reached. Hydrochloric acid is 
always made up of hydrogen and chlo- 
rine in equal proportions by volume. 

3. The law illustrated hy ammonia.— Ammonia, is 
made in lai"ge quantities for use in the arts, mainly 
from the ammoniacal liquors of gas worlts. It was 
formerly made by heating bones or other animal matter 
in close vessels. The horns of the deer having been 
largely employed for the purpose, the common name 
of ammonia was liartshorn. Commercial ammonia is a 
liquid, but the real substance is a gas, and this liquid 
is its solution in water. The gas is colorless, and has 
the well-known pungent odor of hartshorn. 

By using the same apparatus (Fig. 19) and treating 
ammonia in just the same way that hyi^rochloric acid 
was analyzed, we learn that ammonia gas is a com- 
pound of hydrogen and nitrogen. 

To determine the proportions of these two elements in 
ammonia, the glass tube T (Fig. 21) is first filled with 
pure chlorine gas. Then, by means of a funnel, t, hav 
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ing a stop-coek in its neck, and fitted to tlie end of the 
tobe bj an air-tiglit joint, ammonia, drop by drop, is 
rig. 21. allowed to fall tlirough the chlorine. After 
^^ considerable liquid has collected at the bot- 

tom, the ammonia is taken fi'om the fnnnel, 
and a little dilute Bulphnric acid is put in 
itt place, to remove the excess of am]nonia 
m the tube. Water is then added. After 
> more water will enter, the tube is found 
lii^t two-ihirds full. The colorless gas, 
which fills the remaining one-third, is pure 
nitrogen, while the presence of hydrochloric 
acid may be detected in the fluid. Observe 
now: the chlorine has decomposed the am- 
monia and united with its hydrogen, to form 
the hydrochloric acid, while its nitrogen is 
left in the tube free. The tube full of 
chlorine must have taken a tube full of hy- 
drogen, bnt it has set free only one-third of a tube full 
of niti'ogen. Hence ammonia is made of three volumes 
of hydrogen and one volume of nitrogen. 

Ammonia from whatever source, or by whatever 
method it may he examined, always gives by analysis 
three times as much hydrogen as nitrogen, by volume. 
Should we go on analyzing various compounds, ws 
should find that each one invai-iably contains the same 
constituentfij in the same proportions by volume. 

4. Oomhining volumes. — Now obsei've the propor- 
tional volumes of the constitnents in the three com- 
pounds just described : — 

Id HyJrocWorio acid, 1 vol of Clilotino to 1 yol. of Hydrogen. 
" Water 1 " Oxjgeii " a " " Hydrogen. 

" Ammonia I " Nitrogeu " a " " Hydrogen. 



Healed byGoogIc 



OliEMISTRY. 53 

The volTime of hydrogen in the first is ^- of that in the 
third, and ^ of that in the second : so that if one cuhie 
inch of hydrogen uiiite with one of chlorine, it will 
take two cubic inches to unite with one of oxygen, and 
three cubic inches to unite with one of nitrogen. In 
no tnown compound is the proportionate volume of 
hydrogen less than in hydrochloric acid. This smallest 
proportional volume in which hydrogen combines with 
otlier elements is called its combining volume. Sow 
when the smallest volumes of otlier snbstanees which 
enter into combination, are compared to that of hy- 
drogen as the unit, their relative values are called their 
combining volumes. Thiis the combining volume of 
ammonia, as we shall see, ia 2, because the smallest 
volume of ammonia which can enter into combination 
is twice as great as the combining volume of hydrogen. 

The combining volumes of the elements as far as they 
liave been found are given in the table on p. 21, 

E. The second law of combination by volume states 
that if one substance combines with another in more 
proportions by volume than one, tliese proportions will 
all be multiples of its combining volume. The com- 
pounds of oxygen and nitrogen— five in number, illus- 
trate this law. 

1. Jfitrous Oicide.- — Nitrons oxide may be obtained 
by heating ammonie-uitrate. The nitrate is put into a 
flask (Fig. 22), from which a bent tube reaches over 
into a small bottle standing in a vessel of cold water. 
Another tube passes from this bottle over to a jar on 
the shelf of the cistern. By heat the nitrate is melted 
and afterward decomposed. ATater and nitrous oxide 
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are formed. The water is condensed in the cold tottle 
while the oxide ia collected in the jar. 




!Nitroxi9 oxide is a colorless gas, a little heaTier than 
air. The chemical force between its constituents is 
weak ; a lighted tapei- decomposes it, and taking its 
oxygen, turns with almost as great brilliancy as in oxy- 
gen. When breathed, its effects upon the system are 
peculiar. It often causes a lively intoxication, with a 
disposition to laughter; for this reason it has been 
called laughing gas. It often produces entire insensi 
bility, and is administered for this purpose, by surgeons, 
to patients upon whom they are to operate. If impure, 
or carelessly given, it may produce death. 

What is the composition of this gas? It may be 
determined by means of a eudiometer, shown in figui'e 
23. Four equal divisions are marked off from the 
closed end of the tube. Two of these divisions are 
filled with nitrous oxide; the remaining two are al1;er- 
ward filled with pure liydr<(gen. By an electric spark 
a violent explosion is made : steam is condensed on the 
side of the tube, and water from the cistern will rise. 
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leaving the two upper divisions only filled witli gas: 
this gas, when tested, is found to be j,, ^ 

nitrogen. 

It is clear that the two volumes of \ \ 

hydrogen have taken oxygen enough 
— one volume— from tlie oxide to 
furm the wvtei that wis cjndensel 
on the tuhe and hive left two 
volumes of nitrogen The nitious 
oxide then was composed ot two 
\olumes of nitrogen and out; of 

If we represent equal volumes of ^^-f« 
the two gases by equal "squaies and^~ 
their names by their symbols, the composition of the 
compound may be shown to the eye, by the following 
diagram :^ 



N 


., 







2, Nitric oxid&. — Kitrie oxide may be obtained by 
the action of copper upon dilute nitric acid, in an 
apparatus simUarto that used in the preparation of hy- 
drogen. {Fig. 2i.) 

The copper decomposes the nitric acid ; red fiimeo 
fill the bottle, but when the nitric oxide bubbles through 
the water into the jar it ia seen to be colorless and trans- 
parent A lighted taper will be instantly extingoiahed 
by this gas, but burning phosphorus will decompose it, 
take the oxygen from it, and burn with exceeding bril- 
liancy. 
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quantity is used the 

Fig. B) 



by lieated potaMium, and 
"■ " compo?itioii of 




the yas may be fo'aiid. It is cumpoBcd of one Tolnme 
of nitrogen aiid one volume of oxjgen Itisrepiesent- 
ed to the eye by the following di \t,ntn — 



3, NUtous anhydride.— l^itvons anhydride (nitrons 
acid) is a third compound of nitrt^n and oxygen ob- 
tained with difficulty and imperfectly known. It has 
been found to consist of two volumes of nitrogen and 
tliree of oxygen. Thus :— 



N 


N 













4. J^itric peroxide. — If nitriu oxide is allowed to es- 
cape into the air, the dark chcn-y-red vapors which ap- 
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pear aniiounee its combination with oxygen. This red 
substance is nitric pei'oxide (hjrponitric; acid). By meaa- 
uring tlie volumes of nitric oxide and pure oxygen 
needed to prodiice this compound, its composition has 
been found to be, one volume of niti'Ogen to two vol- 
umes of oxygen. Hence tlie diagram :^ 














5. Niiric anhydnde. — This substance is generally 
polled nitric acid; it is liowever a very difSereiit sub- 
stance from the real acid. The real acid is a compound 
of nitrogen, hydrogen, and oxygen ; the anhydride con- 
tains no hydrogen. When analyzed it is found to be 
composed of two volumes of nitrogen to live volumes 
of oxygen. Thus :— 



s 
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+ 


















The commercial acid is a compound formed of tlie 
constituents of this anhydride and water. In combina- 
tion with potash it forms niter or saltpeter, which is 
found often in large quantities in caves, and in small 
qnantities scattered through the soil almost every 
where. From this substance nitric acid is obtained by 
the action of sulphuric acid. 

It ^ a colorless and very corrosive Ik^uid, while the 
anhydride is a white solid substance. 

The anhydride is of no practical importance, while 
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tiie acid is one of the most useful aubstaiices of whieli 
eliemistry treats. It stains tlie skin and other organic 
bodies yellow, and is used in dyeing. The yellow pat- 
terns on table-spreads are sometimes due to its action. 
The metals decompose it readily, and take a part of its 
oxygen to themselves. On this aeeonnt it is used to etch 
copper, and is of great value in testing for the metals. 
6. The law ilkistrated. — ^If now we examine the eom- 
position of the five compounds just described, which 
may be beat done by writing their diagrams so that the 
plus signs shall be in a vertical column, we may notice 
that nitrogen and oxygen combine with each other in 
more proportions than one, the quantity of each being 
exactly one, two, three, or five tiroes the quantity found 
in that which contains its smallest volume : there are 
no fractional volumes. 

0.— The third law of combination by volume states 
that the combining volume of a gaseous or volatile 
compound is 2. 

1. The law illustrated.—^ Q have learned that hy- 
drochloric acid is composed of one volume of hydrogen 
to one volume of chlorine; we have now to find the 
volume of the compound produced. 

Into a glass tnbe inverted over mercury put equal 
volumes of the two gas^ and allow the apparatus to 
stand in diifuse light. After some hours, the greenish 
color of the mixture will have entirely disappeared, the 
gases having combined to form the colorless hydrochlo- 
ric acid. Tlie mercury stands at the same height in the 
tube as at the beginning of the experiment. The vol- 
ume of the hydrochloric acid is therefore just equal to 
the volume of both constituents. 
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Let the foUowiBg diagram represent this combi- 
nation : — 



II I + I ci I 






Experiments qnite as deeiaive have been made to 
show that in water, the 2 volumes of hydrogen and 1 
volume of oxygen produce only 3 volumes of water- 
vapor. Thus : — 



H 


II 



o 



= u, o 



And even in the case of ammonia, in which there are 3 
volumes of hydrogen to 1 of nitrogen, it has heen proved 
that tliere are only 2 volumes of the compound. 



H 


H 


II 

1 



Among the gaseoua compounds of nitrogen and oxy- 
gen the same thing is true : whatever the number of 
volumes of these gases which enter into combination, 
only 2 volumes of the compound will he made. So 
general is this result tliat it has' come to be an accepted 
truth in chemistry that 2 is the combining volume of a 
compound- The apparent exceptions are among sub- 
stances which are volatile only at a high temperature, 
and may be explained by supposing that these sub- 
stances are decomposed by the intense heat needed to 
vaporize them, new compound gases being formed 
which again unite when the heat is withdrawn. This 
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decomposition at high temperatures, to re-combine on 
cooling, is called dissociation, 

JI. — COMBINATION BY WEIGHT, 

A. The first law of combination by weight states that 
the same compound is always formedof the same constit- 
uents in definite and inTariable proportions by weight. 
The smallest i-elative proportions by weight in which 
substaneea combine are called combiniog weights. 

1. T/ie law. — By weighing the constituents obtained 
by analysis of different specimens of the same substance 
it is found that their weights in every ease have the 
same ratio to each other. In water, for example, there 
will invariably be found just 8 times as much oxygen 
as hydrogen. Or if water is formed by synthesis, the 
hydrogen which enters into combination will invariably 
taUe just 8 times its own weight of oxygen. If by any 
means hydrogen is made to combine with more than 8 
times its weight of oxygen, it will foi-m a substance 
quite unlike water. Water is always composed of hy- 
drogen and oxygen in the ratio, by weight, of 1 : 8. 
And so with every compound : the ratio of its constitu- 
ents by weight is definite and invariable. 

These proportions by weight may be calculated from 
the proportions by volume, if the specific gravities of 
the gases are known, and since the weighing of gases is 
difficult, this metliod is valuable. To illustrate; we 
know that a cubic inch of air at 32° F. weighs .325 
gr., and that by multiplying this by tlie specific gravity 
of any gas we find the weight of one cubic inch of it. 
Examine hydrochlonc acid. It is made of equal vol- 
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Times of hydrogen and chlorine, the specific gravity of 
the first being .0692, of the second 2.46. Then :— 
.325 gr. X .0692=.0225, weight of 1 cuh. in. of hydrogen. 
.335 gr. X 2.46=:,7995, " " " chlorine. 

But .0225:. 7995:: 1:36.6. 

Hence hydrochloric acid is composed of its consti- 
tuents by weight in the ratio of 1 : 35,5. 

2. Comhining weights. — In hydrochloric aeid, ■we 
may remember, the relative volumes of hydrogen and 
chlorine are as small as in any known coinpoTind, and 
we now notice that if we call the weight of one volume 
of hydrogen 1, that of one volume of chlorine must be 
35:5. These are the smallest relative proportio7is, by 
weight, in whicli these two elements combine together 
or with others ; thej are called combining weights. 
The combining weights of all substances are com- 
pared with that of hydrogen, which, being the smallest, 
, called 1. The combining weight of chlorine is 35. S, 
oy which we mean simply, that the smallest weight of 
chlorine which can enter into combination is 35.5 times 
greater than the smallest weight of hydrogen whioh can 
combine with other substances. 

For anotlier illustration of this iuiportant subject, let 
us examine the case of oxygen. The proportion of oxy- 
gen in water is as small as in any known substance. If 
we can find out how many times greater it is than the 
combining weight of hydi'ogeu, this will be the com- 
bining weight of oxygen. In water there are 2 parts 
of hydrogen, and we have also learned tliat the oxygen 
is jnst 8 times as heavy. Eeing 8 times as heavy as 2 
parts, it must be 16 times as heavy as 1 part ; hence 
the combining weight of oxygen is 16. 
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The combining weights of the elBiiients are given in 
the table on p. 21. 

3. ComHnmg weights of gaseous elements are the 
wei-ghts of egtKd volumes. — We have jnst seen that tlie 
weights of equal volumee of hydrogen and chlorine are 
to each other as 1:35,5, and that the weight of an 
equal volume of oxygen is 16. It will be noticed 
that these weights of equal Tolumes are the combining 
weights of the elements. This is very generally true 
of gaeeouB and volatile elements. 

4. Hence t?iey represent specijlo gravities, — By the 
term epeciiic gravity we simply mean the relative 
weights of equal volume of different substances. Air 
is very commonly the standard witli which to eompai'e 
gases, and the specific gravity of a gas tells how many 
times heavier it ia than an equal bnlk of air. But 
among chemists hydrogen is the siwiidard, and the 
speciiic gravity of a gas telle how many times heavier 
it is than an equal volume of hydrogen. 

Now, calling the ^'eights of a given bulk of hydi-ogen 
1, the weights of equal bulks of other elementary gases 
are shown by their combining weights. Hence the 
number that represents the combining weight of an ele- 
ment represents its specilic gravity also. 

There are exceptions to this. The combining weiglit 
of phosphorus is the weight of one-half a volume of 
phosphorus vapor; the same is true of arsenic. In 
these cases the specitic gravity is twice the combining 
weight. On the other hand, the combining weight of 
mercury is the weight of a double volume : the same 
is true of cadmium. In these cases the specific gravity 
is one-half the combining weight. 

Of moat of the elements, solid at ordinary temperu 
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ture, the speoifiu gravity of tlieir Tapors lias not licen 
determined. 

5. The speeijid gravity of a oompound gas is one-half 
its eombining weight. — ^We have seen that tlie combin- 
ing volume of a compound gas is 2. The eombining 
weight of it is thns the weight of two volnmes. But 
specific gravity is always the weight of one volume, and 
hence, of a compound gas, it must be one-half the com- 
bining weight. 

The combining weiglit of hydrochloric acid is 3f>.5 ; 
its specific gravity is -^f^ = 18.25, The combining 
weight of ammonia is 17; its specific gravity ia -^ = 
8.S. Air is 14.4 timea heavier than hydrogen. Ey 
dividing the specific gravity of any gas by 14.4, we get 
its specific gravity compared with air ; or, multiplying 
.te specific gi-avity on the air standard by 14.4, will give 
ts specific gravity on the hydrogen scale. 

B. The second law of combination by weight states, 
that if one substance combines with another in more 
than one proportion by weight, these proportions will 
always he multiples of its combining weight. 

1. The law illustrated. — We have seen that oxygen 
and nitrogen form five different compounds. Their 
composition by weight has been found by analysis to 
be as follows :^ 

Nitrous ouide, 28 of- nitrogen, to IG of oijgea, 

Nitric oiide, 14 " " 16 " 

Nitrous anhydride, 38 " " 48 " 

Nitric peroxide, 14 " " ;i2 " 

Hitrio anhydride, 28 '■ " BO 

INow, 14 is the combining weight of nitrogen, and 
16 is that of oxygen ; and we notice that the propor- 
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tions of nitrogen are all miiltiplesof 14, those of oxygen 
all multiples of 16. And so it ivill ever be found ; there 
can lie no fractional parts of the comljiuing M'eiglit of 



C. Tiie third law of combination by ■weight states, 
tliat the combining weight of a compound is the sum 
of the combining proportions of ita constituents. 

1, The law ilhesirated, — "Water combine with other 
snbstaneea, and the smallest proportion ie invariably 
jiist 18 times as great as the combining weight of hy- 
drogen ; hence its combining weight is 18. But it con- 
sists of two combining weights of hydrogen and one of 
osygen. The sum of these, 2 + 16, is 18, Hence the 
combining weight of water is the sum of the combining 
proportions of its constituents. 

It is important to notice that the term combining 
proportions, as just used, does not mean combining 
weight in all cases. The combining weight of hydrogen 
is 1 : the quantity which combines with 16 of oxygen, 
however, is 2, and it is this which enters into the com- 
bining weight of water. We liave applied the tenn 
combining weight to the smallest proportion of any 
substance which may enter into combination : we shall 
apply the term combining proportion to the relative 
weight actually existing in the compound. Thus the 
combining weight of nitrogen is 14: its combining pro- 
portion in nitrous oxide is 28. 

Again ; Nitric anhydride combines with other sub- 
stances ; what is its combining weight "i It consists of 
two combining weights of nitrogen and five of oxygen. 
The combining proportions are 9 x 14 or 28 of nitrogen 
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and 5x16 or 80 of oxygen; the sum of these, 28 + 80= 
lOS, 18 the combining weight of the compound. 

(12.) The laws of combination are independent of all 
theories, having been established by I'opeated and deci- 
sive experiments. The "atomic theory, " however, has 
been proposed to explain them, and becanse it does 
explain them better than any other, it is generally 



A. The atomic theory assiniies ;— 

1. That all bodies are made up of molecules, and that 
these, in turn, consist of indivisible atoms. 

2. Thatall atorasof the sametindhaveequal weight. 

3. That combining weights are the relative weights 
of the atoms of different substances. 

4. That compounds are formed by the union of dif- 
ferent kinds of atoms. 

5. That the nature of a compound depends upon the 
kind, number, and arrangement of its atoms. 

1. The molecule. — Professor Hofiman* has given the 
most clear and elegant definition of the present views 
of chemists in regard to the composition of matter. 
We can not quote in full ; among other things, he says : 
" However finely we may grind up ice, for example ; 
if we took care to keep the temperature below the 
freezing point we should stiil have blocks of ice. Our 
finest ice-powder would still consist of very small frag- 

* See Hoffina:i's " Introduction to Moflern Cliemistrj-," or, The OliGm- 
ica] Nena. — j\ia. Hep,, vol. i, p. 1\1 
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menta of solid ice ; and if, of this ice-diist, we took the 
smallest grain, we could, by applying heat, turn it into 
water, thus proving it to have parts capable of separa- 
tion ; and further, the smallest possible portion of this 
water, by being heated, is expanded into steam, show- 
ing that it was likewise made of still smaller parts." 
Now in these changes from ice to water, and from water 
to steam, we have produced no change iu the nature of 
the substance. The little pai-ticles of the steam, existed 
at first in the block of ice. The steam particles, how- 
ever, can not be divided without changing thsvf nature. 
" They are the smallest portion of this kind of matter 
■whioh can exist in a free state" They are called mole- 
cules. It ia believed that all bodies are made up of 
molecules, separate bodies, but so small as to be far 
beyond the reach of the most powerful microscope. 

3. Atoms. — But these molecules are not indivisible. 
Steam, if passed through a red-hot iron tube is decom- 
posed into the gases hydrogen and oxygen. This must 
be as true of one molecule of steam as of any other 
quantity, hence the molecule of water is made up of 
still smaller parts of the gases named. " Here the 
divisibility of matter, so far as our experimental knowl- 
edge go^ reaches its final term. The elements are, as 
we remember, so called, precisely because they resist 
every agency which we can bring to bear in the hope 
of decomposing them," The smallest portions into 
which we can conceive the elementary bodies to he 
divided are called atonis. 

3, Atoms of the sam^ kind are aUke. — It is thought 
that atoms of the same kind of matter — of oxygen, for 
example — are in all respects, size, shape, and weight, 
alike. Atoms of different kinds, however, have dilfer- 
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ent weights. One of oxygen is supposed to be 16 
times heavier than ooe of hydrogen, and, in general the 
combining weights of the elements are the relative 
weights of their atoms. Hence the term " atomic 
weight " is often used instead of combining weight. 

i. Molecules of compound gases aU the same sise, — 
We liave learned in natural philosophy that all gases 
expaud alike by equal additionb of heat lud contrxct 
alike when cooled ; moreover, that the volumes of all 
alike are inversely as the pressuie upon them Wow 
any change in volume of a gas mu t be due t i cliange 
in the distance between tlie moiectile" — in expin^i a 
they vibrate through greater d stances m coitiicti^n 
they vibrate through less distan e=. md hence are 
brought nearer together. And mnce ill gases are 
affected exactly alike by the foi es of iieit ind ^ ress 
ure, it is inferred that their molecules nbiate thiough 
equal distances; or, in other words, the distances 
between their molecules are alike. This idea is ex- 
pressed in the following law ; — 

Equal volumes of all gaaes, at the same temperature 
and pressure, contain the same number of molecules. 

If this is true, then the molecules of all true gases must 
be of the same size. 

5. fUniple as well m compound gases. — We have said 
that all gases are affected by heat and pressure alike. 
The element hydrogen, and the compound hydrochloric 
acid are expanded and contracted in tlie same way; 
neither does chlorine differ sensibly from either. The 
inference is that any volume — say one cubic inch— of 
hydrochloric gas contains just as many molecules as the 
same volume of hydrogen or of chlorine. 

Wow lot us trace this thought to its conclusion. Wo 
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have seen that hydracLloric acid coiieiats of hydrogen 
and chloinne. Every moleoule of the acid contains one 
atom of hydrogen and one of chlorine. "We have also 
seen that one cubic inch of hydrogen with an equal 
volume of chlorine forms two cubic inches of the acid. 
There must then be as many atoms in one cubic inch 
of hydrogen as there are of molecules in two eubie 
inches of hydroeliloric acid. In other words ; there are 
twice ^ many atoflis of hydrogen in a cnbic inch as 
there are molecules in the same volume. 

But, according to the law, the number of molecules 
in equal volumes of the two gaaes is the same. Hence 
there are twice as many atom^ of hydrogen in a cnbie 
inch as there are molecules of hydrogen in the same 
volume. It muat therefore take two atoms to make o?ie 
moli-cule of hydrogen. 

And 30 the chemist comes to believe that even the 
elementary gases, in a free condition, are made up of 
molecules — each molecule being a group of at least two 
atoms. Allmatter, then, whether simple or compound, 
consists of molecules, in the element the atoms of the 
group ai'e aU alike, in the compwind they are of differ- 
ent kinds. 

When elements combine, their molecules are broken 
up; the atoms of one combine with the atoms of another 
to form a compound molecule. 

A molecule, then, is the smallest portion of any kind 
of matter that can exist in a tree state ; an atom is the 
smallest portion of an element which we can conceive 
of even in combination. 
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iTIOX OF THE THEOKY. 



B. The atomic theory furnishes an explanation of the 
laws of chemical combination and of the phenomena of 
isoraeriBm and allotropism. 

1. Of the first law of comliinution. — According to the 
theory a compound is formed by the union of atoms, 
and its nature depends partly upon their number ; and 
at the same time each one has a definite weight. Hence 
a compound is formed of definite and invariable weights 
of its constituents. 

3. Of the second law of camhination. — According to 
the theory, elements can unite only by atoms, and the 
atoms are not divisible. More proportions of an element 
than one is possible in combination, only because a 
different numher of whole atoms may combine with 
tliose of another element. Bat the weight of any num- 
ber of whole atoms must be a multiple of the weight of 
one. Hence, if one element unite with another in more 
proportions than one, these proportions will all be mul- 
tiples of the combining weight. 

3. Of the third law of comhination. — ^The molecule 
of a compound is made up of atoms of its elements : 
these have a deiinite and unchangeable weight ; hence, 
the weight of the molecule must be the sum of the 
weights of its atoms. But the molecule of the compound 
is the smallest portion of it that can enter into combi- 
nation ; hence, the combining weight of a compound is 
the sum of the combining proportions of its elements. 

4. Isomerism. — It is a curious fact that the same 
elements and in the same relative proportions, do not 
always form the same compound. For example, starch, 
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which is inaoliilile in water, and dextrine or British 
gum, very sohible, tlie two differing also in other 
properties, are botii composed of carbor, hydrogen, and 
oxygen — 6 combining weights ol carbon, 10 of hydrogen, 
and 5 of oxygen. Substances having the same eom- 
position, hut different properties, are said to be -iso- 

The only explanation that can be given of tliia 
cnrious phenomenon ia found in the ^sumption that 
the nature of a compound depends upon the aiTange- 
mentof ilB atoms as well as upon their kind and nnmber. 

5. Alloiropism. — ^We have eeen that an element may 
exist in different conditions with different properties. 
Oxygen and ozone are but different foims of the same 
element. This property possessed by some elements 
is called aUotropism-. The diamond, plumbago, and 
charcoal, with all their striking differences, are still but 
allotropic forms of the element carbon. 

The only explanation of this curious property, seems 
to be the assumption that it is due to a different method 
of grouping the atoms in the molecules or of grouping 
the molecules among themselves. 

The term allotropism was formerly applied to ele- 
ments only, bat it has come to be applied to compounds 
also. In all cases of isomerism the differences between 
compounds are so great as to lead chemists to give a 
distinct name : hut where the differences are too slight 
to warrant this, the two substances are called allotropic 
forms. 

Allotropism is often associated with different crystal- 
line forms. Tlie crystals formed by allowing melted 
sulphur to cool slowly are in the form of long slender 
needles, very diiferent ijideed from the form in which 
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the crystals (rhombic octohedra) of this substance are 
found in nature. In a third condition, obtained by 
lieating snlphur to about 230°O., and tbeii pouring it 
into cold water, it shows no crystalline form whatever. 
These three varieties are called allotropic forms of 
eulpbnr. 

(13.) The effect of chemical attraction is to produce 
newsiibataiices, either by causing direct combination or 
by substitution. This effect is announced by a change in 
color, temperature, form, or other properties, 

1. Jiy direet cotiibinai/um. — Direct combination tatea 
place when a new compound is formed without any 
previous decomposition. The union of hydrogen and 
oxygen, when their mixture is touched with a bam- 
ing match, is a familiar example. The elements in 
the mixture are free, and when the proper temperature 
is reached, their combination is the only chemical 
action. 

Wot only elements, compounds also may enter into 
direct combination. The slaking of lime is a familiar 
case. Lima has a very strong attraction for water. 
When the two substance'^ are brought in contact a 
chemical iction occurs, anncunced by the swelling of 
the lime its crumbhng to powder, and the formation 
of clouds of Bteim The two substances combine,' 
without other chemical ■ictiou, and form slaked lime. 

2. By ''uhthtuiion — Duett combination is of rare 
occurrence The production of new eomponnda by 
substitution is more common. Upon the surface of 
water drop 1 \ lece of potasMum : it instantly takes iire 
(Fig. 25), runs swiftly about over the surface of tlie 
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water, and at last disappejira. Even though the 
water had been pure at first, yet 
after the experiment it may be 
fuirad to contain potash. Thia 
new "inb&tince 19 the compound of 
prtawSUim, ox\gen, and hydrogen. 
The I otassinm has simply talsen 
tlie place ot one part of hydro- 
gen m the watei. We may show 
I this to the eye by using the sym- 
i lul of the elements. Thus: — 

■,,r , , , , TI 1 n 2 of hy(3roa'en to 1 of 

water, represented by tt > O ; ■' . = 




Pota 



represented by tt [ ; 



oxygei 
1 of potassium substitu- 
ted for 1 of hydrogen. 



In this case one new compound is made while the 
element, hydrogen, is set free. When the action is be- 
tween two compounds, it generally happens that two 
new compounds are made. To illustrate thia let a 
stream of sulphuretted hydrogen gas be passed tlirough 
a solution of arsenic oxide : a yellow precipitate will 
be formed. The explanation is this : — 



Sulphuretted liydrogen consists of 



( Siilphui', 
\ Hydrogen. 



, . - 1 ■ , f ( Arsenic, 

Arsenic oxide consists 01 i Oxvirpn 

In the action which takes place, the hydrogen and 
arsenic change places, making two new compounds : 

Areenie sulphide consisting of j Arsenic' 
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Water consisting of | y^j,^^^^"' 

The first of these appeal's as a yellow prDcipitate. 
Chemica! changes are very generally called reactions. 

3. Indicated hy chmige of color. — The production of 
new compounds is, very often, as in the experiment jnet 
described, shown by change of color: it was the yellow 
appearance which announced the chemical action. Or 
try another experiment. Let a solution of sngar of lead 
and another of eulphiiretted hydrogen, both of which 
are as colorless as pure water, be mixed in a goblet : 
quickly a dens© black precipitate appears. The color 
shows that a new black conipotind — lead sulphide, has 
been made. 

4. Indicated hy change of temperature.— In the slak- 
ing of lime, already mentioned, the new compound is 
made by the union of lime and.water. This chemical 
action is accompanied by a rise of tempei'ature, enough 
to change a part of the water into steam. 

Or let the following experiment still furtlier illustrate 
the curious fact that heat is evolved by chemical action 
Into some water held in a beaker glass, pour about four 
times as much strong sulphuric acid. So strong a heat 
will be at once produced, that ether, and even water in 
a test tube placed in the mixture, may be boiled. This 
strong heat announces the combination of the water and 
the sulphuric acid. 

5. Indicated hy change of form. — Chemical action is 
often followed by a change in the physical form of sub- 
stances. The two gases, hydrogen and oxygen, unite 
to form the liquid, water. The two liquids — eolations 
of sngar of lead and sulplmretted hydrogen — produce 
the 8oHd precipitate of lead sulphide — this black pre- 
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cipitate, like all otiicrs, being a solid substance in a 
Btate of very fine divi&ion, 

6, Other ^yroiperties, — Beside these changes of color, 
temperature, and form, many otbers indicate tlie action 
of cliemicai force. In general terms, we may say that 
the effect of chemical force is to prodnce new com- 
pounds, and that this effect is indicated by changes of 
properties. Decomposition can hardly be regarded as 
the immediate effect of chemical force; in all cases of 
substitution it is an apparent effect, doubtless due to 
the stronger force between the constitoenta of the new 
compounds. In other cases decomposition occurs be- 
eanse the chemical force is overcome by some other, as 
when electricity decompwes water ; the decomposition 
occurs because electricity in this case is stronger than 
chemical force. 

(14.) The names of chemical compounds are not arbi- 
trarily chosen : they are so constructed that they show 
the composition of the compounds to which they belong. 



A. — Acids are of two classes, oxacids and hydracid?. 
The names of oxacids are characterized by the termina- 
tions ic and (ms followed by the word acid. The names 
of hydraeids are known by the prefix hydro. 

1. Acids.— L^iMB attend to the following experiment. 
Into a solution of blue litmus (a vegetable blue coloring 
matter), put a few drops of hydrochloric acid ; its line 
blue color is at once changed to a bright red. Any 
other soluble add would have caused the same change, 
and this is tiie most ready means to determine whether 
a substance belongs to this class of bodies. 
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Beside this power to change vegetable blue colors to 
reii, acids have certain other properties in common, 
among which we notice first, that tliey are generally 
sour to the taste ; second, that they are usually com- 
posed of non-metals ; and third, that hydrogen is one 
constituent. 

2. They are of two classes, — A large number of acids 
contain both oxygen and hydrogen in com bination with, 
another non-metal. In a smaller number hydrogen 
alone is combined with the other non-metal. Those of 
the first class are called oxacids ; those of the second 
are hydracids. Since hydrogen is a constituent of both 
classes the word acid is enough to show the presence of 
hydrogen in the substance to which the name ie given. 

3. The names of oxaoids, — The ending of the name 
of the element with which the hydrogen and oxygen are 
combined, is changed to ic or cms, and then followed 
by the word aoid. The io always denotes a larger pro- 
portion of oxygen than the oiis. 

Thus an acid compound of chlorine, oxygen, and 
hydrogen, is ehloi'ic acid : another, which contains a 
smaller proportion of oxygen is called ahlorous acid. 

Since more than two acids may be formed of the 
same elements the prefixes ^cr and hypo are used — per 
always indicating a larger proportion of oxygen than 
hypo. 

Thus; an acid compound of chlorine, having more 
oxygen than the chloric acid, is called ^e/'chloric acid : 
one having le^ than the chlorous acid is called hypo- 
chlorons acid. 

This system of naming the oxacids may be shown to 
the eye by the following skeleton. The blank may be 
filled with the name or an abbreviation of the name of 
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any element which combines with hydrogen and osy- 
gen to form an acid. 

Per ic acid, 

ic " 

Hypo ic " 



Hypo- ^ous " 

Prom the name of an oxacid we ought to be able to 
know its constitaonts ; or knowing tlie constituenta we 
slioultj be able to construct its name.* 



1. What are the constituente of phosphoric acid? 

Ans. Hydrogen, oxygen and phosphorua. 
By what part of the name is each one of these ele- 
ments suggested i 

2. Wliat are the constitnents of bromic acid ? 

3. Name the elements in snlphurons acid. 

4c. Name the elements in hyposulphurons acid. 

5. What difierence in thecompositionof the last two 
acids named, indicated by their names? 

6. What difference in composition is indicated by 
the names iodic acid and periodic acid t 

7. What acid will be formed by the union of hydro- 
gen, oxygen, and bromine ? 

8. Name the acid which contains oxygen, manga- 
nese, and liydrogen. A^is. Manganic acid. 

9. What other acid with the same elements, but with 
a larger proportion of oxygen 'i 

* Biaraples like the roUowing should be multiplied bj the teagliar 
tmtil the pupil is f.irailiar with the principlea of tlio nomendatiive. 
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i. The names of hydracAda. — But all aeids do not 
contain oxygen. Some consist of Jiydrogen and a sin- 
gle other non-metal ; such is hydrochloric acid already 
so famCiar to us. The names of these acids also end in 
ic, but they are especially characterized by the prefix 
hydro. 

Tlie hydraeids always contain one combining weight 
of hydrogen to one of tlie other element. On this ac- 
count no other endings or preiixes are necessary in the 
name. We recognize hydro hromia acid as the name 
of an acid compoimd of hydrogen and bromine. 



1. What are tlie elements in hydrofluoric acid ? 

2. Name the elements in hydriodic acid. 

3. Name the elements in hydrosulphuric acid, 

4. "What is tlie difference in composition of hydro- 
snlphui'ie acid and sulpliuric acid ? 

5. Name the acid compound of hydrogen and iodine. 

II.— ACID AMHTIiEmES. 

1). — Acid anhydrides may be described as compounds 
left atler talting the elements of water away from ox- 
acids. They retain the name of the corresponding 
acids except that the term anhydride is used in place of 
acid. 

1. Acid anhydrides.— ^'l by any means an oxacid is 
deprived of its hydri^en, it will at the same time give up 
a part of its oxygen, the two elements being given oflf 
in the proportions to form water. Now acids from 
which the elements of water have been taken are no 
longer to be called aeids, because they no longer have 
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acid properties. The term anhydride has bi 
to them. For example, one compound of sulphur, oxy- 
gen, and hydrogen is called sulphuric acid, hut if all 
the hydrogen with enough oxygen to fomi water he 
taken away, the remaining compound of sulphur and 
oxygen is called sulphuric anliydride. In the same 
way phosphoric acid deprived of the elements of water 
becomes phosphoric anhydride. 

Most of the anhydrides will combine with water and 
produce acids, and many of the acids when heated will 
give up water and become anhydrides. 

EXAMPLES. 

1. By what change in composition would nitric acid 
become nitric anhydride % 

2. Name the constituents of nitric anhydride. 

3. What are tiie element* in phosphoric anhydride? 
"Wherein does it difl'er from phosphoric acid \ 

4. What acid would give nitrous anhydride by losing 
the elements of water ? 

5. Name the acid formed by adding the elements of 
water to sulphurous anhydride. 



0. — Bases are called hydrates. And to show which 
hyilrate is meant in any ease, the name of its metallic 
constituent with its ending changed to io or ous, is used 
as an adjective. 

1. liases. — By the following expenment we learn 
one characteristic of the class of bodies, called bases. 
Into the goblet of litmus solution, reddened by hydro- 
chloric acid, in a former experiment, put a few drops 
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of ammonia; rei'j quicklj tlie Hue hlne color of litmiia 
ia restored. 

Besides tliia power to rcstoi-e the blue eolor of red- 
dened litmus, bases have certain other qaaliti(« in coin- 
mon. We notice first, that they are generally caustic 
to the taste ; xecoTid, that they are composed of hydro- 
gen, oxygen, and a metal. 

2. The names of Soses. —The bases are called hy- 
draien, and each hydrate is named from the metal it 
contains by changing the termination of its name to io 
or 0U8, and then using it as an adjective. Thus hy- 
drogen, oxygen, and potassium form a base, called po- 
tassic hydrate : the iuin of the name of the metal ie 
changed to ie, and followed by the word hydrate. So 
also, hydrogen, oxygen, and sodium form a base: from 
the name of the metal, sodium, ive get sodic, and by 
adding hydrate, we have the desired name sodic hy- 
drate. 

The LatiTi name of thenjetal is often used in pref- 
erence to its English name. Iron, for example, forms 
two hydrntoB,— ferric hydrate a,nA ferrous hydrate, the 
Latin name of iron heingferrum. (See Oooke'a Ohem 
Phil., Part I., 35 and 49.) 



1. "What are the elements of calcic hydrate? 

2. What are the elements of magnesie hydrate ? 

3. What are the elements of cnpric hydrate ? 

4. Name the elements of argentic hydrate, 

5. Name the hydrate containing barium. Whai 
other elements docs it contain ? 
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D. — Basic anhydrides may tie described aa com- 
pfjiinds, left after tating the elements of water away 
Jrom liydrates. In tlieir names, the term oxide is used 
instead of liydrate. 

1. Basic anhydrides.— M-imj hydrates, when hoatci], 
give off all tlieir hydrogen, with oxygen enough to form 
water. The compounds left behind are very diiierent 
from the original hydrates, and should be called by a 
different name. Aa acids, wLeu deprived of water, arc 
called acid anhydrides, so bases, when deprived of 
water, might be called basic anhydrides. They were 
formeriy thought to be the trne bases, and the name 
still, clings to them — hydrates and anhydrides being 
still classed togetlier ha bases. They are in general, 
however, called metallic oxides. 

These metallic oxides are distingnislied from each 
other by the name of the metal, in each case changed 
t-o an adjective, as in the case of hydrates. Besides the 
endings ic and ous, to show diffejent proportions of 
oxygen, prefixes are also used to show the number of 
combining weights : di, meaning 2 ; tri meaning 3 ; and 
Budi others as the case may demand. 

The compound of potassium and oxygen, for example, 
is ciilled jjritosM osiide. Thei-e are two oxides of ba- 
rium: one contains one combining weight of oxygen 
to one of bai-ium, the other two of oxygen to one of 
barium. The first is called iai^ous oxide, the second 
ia?'ic oxide. 

Or, using the prefixes, the oxides of manganese will 
illustrate, thus : — 
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Manganic mon-oxide = 1 of JIii. to 1 of O. 
Manganio di-oxide — 1 " " 2 " 
Maneanic sesoui-oxida — 2 " " 3 " 



1. Mercury combines with oxygen ; what shall we 
call the compound? An3. Mercuric oxide. 

2. But there is another oxide of this inetal, contain- 
ing a less proportion of oxygen ; what shall it be 
named ? 

3. What are the elements of cnprie oxide? 

4. What are the elements of cuprous oxide? 

5. What are the elements and their proportion in 
chromic tri-o.iide "i 

v.— NEUTEAI. BWAKY COMPOUNDS. 

E. — Neutral binary compounds arc named hy the same 
method as the metallic oxides. 

1, HFeuiral ladies. — Substances which, like water, 
will neither redden vegetable blue colors, nor restore the 
blue after it has been reddened by an acid, — which, in 
a word, do not have the properties of either an acid or 
a base, are called -neutral bodies. "Water is a perfectly 
neutral body. Nitric oxide and niti-ous oxide are 
neutral bodies. 

2. Binary eoirypounds, — Compounds of two elements 
only, are called Unary compounds. Water is a bi- 
nary compound, because made of two elements — hy- 
drogen and oxygen. The hydracids are hinaiy com- 
pounds. There are several neutral binary compounds 
of non-metals only, such as nitric oxide and carbonic 
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oxido, but of far the greatei- number one of tlie con- 
stituents IS a metal. 

3, Their jwjm^s.— In compounds of metals with non- 
metals, the non-metal is the eleetro-negative constituent. 
In naming such binary- compounds tlie ending of the 
name of the electro -negative element ia changed to ide- 
and then the name of the other element with its ending 
clianged to ia or ovs^ is used as an adjective. Preflxen, 
di, tri, ses(}td, and others, are also used to indicate the 
number of combining weights, 

Eor example, chlorine unites with the metals : it h 
the electro-negative element of the compounds; so the 
name chlor*jie is changed to chloride, and these com- 
pounds are all called chlorides. To know which one is 
meant, the name of the other element must be used as 
an adjective. If the compound be of chlorine and potas- 
sium, the name ispotassio chloride. So sulphur forms 
sulphides: with sodium it forms sodio sulphide. I'er- 
f ons sulphide is the compound of iron and sulphur ; 
ferric sulphide is another ; the last contains a larger 
proportion of sulphur than the first. 



1. Name the compound of potassium and iodine, 

2. Name the compound of lead ijj&im, plumhuin) 
and sulphur. Ans. Plumbic sulphide. 

3. Name the compound of lead and iodine. 

4. Name the compound of copper and chlorine. 

5. What are the elements in arsenic sulphide^ 

6. What are the elements in zineie sulpjiide ? 

7. What is the difference between eupric chloride and 
cuprons chloride ? 
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8. Kame the conipoiiiid of gold [atiriim) and chloiine, 
confcaiiiliig ono combining weiglit of the metal to three 
of the chlorine. Aris. Axirk: tri-chloride. 



F. — Salts may be deseiibed as compounds formed by 
substituting a metal tor a part or the whole of the hy- 
drogen in the acid.* If formed from the hydracida 
they are named by the method for neutral binary com- 
pounds. If formed from oxacids their names are char- 
acterized by the endings aie and ite. 

1. Salts, — Notice the following experiment. Into a 
bottle put a few clippinf^ of zinc, and Ti|>on them pour 
a quantity of hydrochloric acid. A vigorous boiling 
quickly begins ; hydrogen gas escapes ; tlie zinc slowly 
disappears and finally a clear and quiet liquid remains. 
Evaporate this liquid and a white solid will be left. 
The explanation is this: the zinc has decomposed the 
acid taking the place of tlie hydrogen which was in 
combination with tlie chlorine. Thus : using the nyin- 
hols of the elements. 

Hydrochloric acid, HCll ( Zu CI, 2incie chloride 

V become *< 
Zinc, . . Zn j ( H, Hydrogen. 

The zincic chloride is the white solid left by evapo- 
ration, and the hydrogen went off into the air. The 
zinc has taken the place of the hydrogen and the salt, 
zineic chloride, is formed. If sodium takes the place of 

* Solta may also be described as coming from bases, and in other 
ivaj-s which it is not thought best to doveloii in tliis elementary work, 
ISee Cooke's Chemical Philnsoi>hy, Part I., pp. S3, 66, and 104.) 
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hydrogen in the same acid, tlie salt, sodic c-hlorido 
{common scdi), is formed. 

Again; if thetwo eombining-weiglitaof liydro^-tiii ni 
snlplmric acid are Ijoth replaced by sodium, a salt, 
Bodic aulphate, wiU be formed ; or if only one of them 
is replaced by sodium, the remaining compound is still 
a salt, From these illustrations we gather this descilp- 
tion of a salt. It is a eompound formed by substituting 
a metal for either the whole or a part of the hydrogen 
in an acid. 

2. I'he naniM ^5«/is.-— The salts formed from hy- 
dracids are named by the method already given for 
neutral binary compounds. These salts were formerly 
called luAind salts. 

Of salts formed from oxacids the nftme is made by 
changing the ending of the name of the acid from which 
they are derived, from ic to ate or from ous to ite. In 
case only a part of the hydrogen is displaced, the 
presence of the remainder is indicated in the name by 
the prefix hydro. When, for exarnple, all the hydrogen 
of sulphuric acid is replaced by sodium, tiie salt is called 
aodie sulphate ; hut if only one of the two combining 
weights of liydrogen is displaced, the presence of the 
hydrogen left may be shown by the name hydro-sodie 

In the same way potassium and snlphnric acid may 
foi-m either potassic sulphate or hydro-potasaic sulphate. 

EXAMPLES. 

1. Name the salt from nitric acid and potassium. 

2. Name tho salt from copper (cuprum) and sulphuric 
acid. 

3. Name the salt from hypoohlorous acid and sodium 
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i. Name tlie salt from acetic acid a.nd lead (plura- 
bnm). 

5. Name the acid and llie metal from which calcic 
carbonate may be derived. 

6. Name the acid and the metal from which caleic 
hypoeulphite may he derived. 

7. "Wliat ai-e the eleTneids in ferrous sulphate? 

8. What are the elements in bai-ic sulphite ? 

9. Of what elements is magnesic carbonate composed 1 

10. What acid is retiuired with copper to form cupric 
nitrite. 

11. What are the constituents of potassic chlorate? 

12. Name the metal in the sdluminie Bilicat& 

IS. Name the metal and the acid in magnesic citrate. 
14. Name the elements in calcic phosphate. 

(15.) Some important exceptions to the foregoing 
nilea of nomenclature need to be noticed. 1st. Certain 
metallic oxides are named by simply changing the ter- 
mination of the name of the mutal to a. 2d. Certain 
binary eomponnds of hydrogen have specific names end 
ing in tiretied. 3d. Organic acids are named arbitra- 
rily. These exceptions are still sanctioned by custom. 

1. Examples of \st exception. — Of several metallic 
oxides the names in coiimion use are made byclianging 
the ending of the name of the metal to a. Sodium and 
oxygen, for example, tbrm soda — the termination ium. 
of sodium being changed to a. The common name 
of potassic oxide is potassa ; of magnesic oxide is mag- 
nesia ; of baric oxide is baryta — the yt here being used 
for the sake of euphony. These names have long been 
in use, and are still sanctioned by the common U3e of 
chemists. 
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TLe oxides iiatned in this way are ttose which, with 
the elementB of water, form the most powerful bases, 

2, Meainples of the 2d exception. — The compoinid 
of Ijydrogen and enlphur has a slightly acid reaction, 
and as an acid it is, by the rule, called hydrosulphuric 
acid. Without regard to its acid properties it would be 
called hydrie sulphide. The name in more common 
use, however, is nidphuretted hydrogen. Other com- 
pounds of hydrogen are named in the same way. 
Hydrogen with phospborns forms phosphwretted hydro- 
gen ; with arsenic it forms arseniuretted Jiydrogen, and 
with antimony it forms antimoniuretted hydrogen. 
These, rather awkward names, are still in common use. 

3. Mecmpiles of the Zd exertion. — A long list of acid 
compounds may be obtained from vegetable and animal 
substances ; they are called ofganio adds. Their con- 
stituents are hydrogen, oxygen, and carbon. Their 
Bpeailic names have been given without rule, except 
that tliey have the common termination ie. Acetic, 
acid, tartaric acid, oxalic acid, are examples. Their very 
great number, and the fact that they are made of the 
same elements seem to forbid any attempt to indicate 
their composition by prefixes and terminations. 

(16.) The foregoing principles of nomenclature have 
been lately adopted, Tlie difference between the new 
and the old nomenclature may be seen by comparing 
tlie names of the same substances, according to the two 
systems. 

1. The nomenclature.— i^ot until the year lt87 was 
any attempt made to reduce the language of chemistry 
to a system. But the nnmber of compounds to be de- 
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scribed increased to such an extent that even tlie 
strongest meniory could not hope to Iceep their mean- 
ingless names. To avoid this difficulty, a eyetem was 
proposed by Lavoisier, by which the name of a aub- 
Rtance should indicate it& composition. The simplicity 
of the system, and the accuracy with which it expressed 
chemical theories, secured its universal adoption ; but 
the theories themselves having now, in great part, been 
rejected, a new system of names is needed to represent 
the new theories which have been established in their 
stead, 

2. H{ew and old names. — The difference between the 
new names and the old may be best seen by carefully 
comparing them in tlie following lists. Such a com- 
parison is all the more necessary to the student, be- 
cause the old names are still in quite common use. Old 
names will linger long after the reason for their adop- 
tion has ceased to be in force. How well is this illus- 
trated by such tiivial names, as saltpeter (potassic ni- 
trate), Glauber's salts (sodic sulphate), and oil of vitriol 
(sulphuric acid), which, though given before any gen- 
ei-al rules were establislied, still remain in use ! And so 
we may expect that the names on the old system will 
long linger, while in all the writings of modem cliemists 
the new system only is employed. 

NEW NAMES. OLD NAMES. 

Nitrous Anhydride. Nitrous Acid. 

Nitric Anhydride. Nitric Acid. 

Nitrous Acid, Nitrous Acid. 

Nitric Acid, Nitric Acid. 

Carbonic Anhydride. Cai-bonic Acid. 

Sulphurous Aidiydride. Sulphurous Acid, 
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Sulphuric Anhydride. 
Eromic An] i yd ride. 



Sulpbuiic Acid, 
Br.omie Acid. 



It will be noticed that the names of the acids are 
alike in the two systems, and that the old system makes 
no distinction between acida and anliydi"ides. 



NI1.W KAMKS, ei.D XAMES. 

Sodic Oxide. Oxide of Sodium, 

Potassie Oxide. Oxide of JPotassium. 

Calcic Oxide. Oxide of Calcium. 

Strontic Oxide. Oxide of Sti-ontium, 

Baric Oxide. Oxide of Barium. 

Aluminic Oxide, Oxide of Aluminum, 

Hagneeio Oxide. Oxide of Magnesium, 

Zincic Oxide. Oxide of Zinc. 

Cadmie Oxide. Oxide of Cadmium. 

Perrons Oxide. Protoxide of Iron. 

Ferric Oxide. Sesquioxide of Iron. 

!Nitrou8 Oxide. Protoxide of Xitrogen, 

Nitric Oxide. Deutoxide of Kitrogeu. 

Nitric Peroxide. Peroxide of Nitrogen. 

It will he seen that in the names of oxides by tht 
new system the term osdde is preceded by the name of 
the metal changed to an adjective, while by the oM 
system it \?, followed by the name of the metal : the twc 
being joined by the word of. 



MEW NAMES. 

Sodic Hydrate. 
Potassie Hydrate. 
Calcic Hydrate. 



Hydrate of Soda. 
Hydrate of Potassa. 
Hydrate of Lirae. 
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Strontic Hydrate. Hydrate of StTontia. 

Baric Hydrate, Hydrate of Baryta. 

Alutniiiic Hydrata Hydrate of Alumina. 

Jfagiiesic Hydrate. Hydrate of Magnesia. 

Ferric Hydrate. Hydrated Sesquioxide of 

Iron, 

It will be seen that in naming the bases, the new 
system uses the term hydrate, preceded by the name 
of each particidar metal, changed to an adjective, while 
jn the old method they are " hydrates of the oxides 
of the metale. 



Sodic Chloride. 
Sodic Iodide. 
Potasaic Bromide. 
Ferrous Sulphide. 
Fenic Sulphide. 
Ferric Hi sulphide. 
Diferrons Sulphide. 
Cuprous Chloride. 
Cuprous Arsenide. 
Argentic Chloride. 
Auric Chlonde. 
Anric Trichloride, 



OT,n NAMES. 

Chloride of Sodium. 
Iodide of Sodium. 
Bromide of Potassium. 
Protosulphide of Iron, 
Sesquisulphide of Iron. 
Bisulphide of Iron. 
Suhsulphide of Iron. 
Chloride of Copper. 
Ai'senide of Copper. 
Chloride of Silver. 
Chloride of Gold. 
Perchloride of Gold. 



In the names of these neutral binary compounds, we 
may notice, that the name of the mf tal fnUows the 
other name in the old system while it is changed to an 
adjective and \^ followed by the other in the new. We 
notice also that the terminations oi«-s and ie are used in 
the new system very often, instead of preiixes in the 
old. To show for example, that there is a larger pro- 
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portion of thlonne in one compound of chlorine and 
iron than in another, the new system calls them terroua 
chloride and ferric chloride; the old calls them proto- 
chloride and sesquichlotide. 

NEW NAMES. OLD NAMES, 

Sodie Sulphate, Sulphate of Soda. 

Potassic Nitrate. I^itrate of Potaesa. 

Potassic Nitrite. NitHte of Potassa, 

Sodic Carbonate. Carbonate of Soda. 

Hydro-aodic Carbonate. Bicarbonate of Soda. 

Sodic Hyposulphite. Hyposulphite of Soda. 

Plumbic Sulphate. Sulphate of Lead. 

Plumbic Acetate. Acetate of Lead, 

Cnprie Nitrate, Nitrate of Copper, 

In these names of salts we see that the name of the 
cl^s to which the salt belongs is preoedud by the name 
of the metal changed to an adjective, in the new sys- 
tem ; followed by the name of the metal in the old. 
We notice also that in the new name — hydro-sodic car- 
bonate, the prefix hi/dro is used, while in the old name 
of the same substance — ^bicarbonate of soda, the prefix 
hi is given to the other part of the name. So the com- 
pound which in the new system is called hydro-potassic 
sulphate, is in the old, called bisulpliate of potassa. 

With these few principles in view the thoughtful stu- 
dent will have little difficulty with the names of inor- 
ganic substances according to the old system. 

To familiarize him still more with the rules of no- 
menclature the student will find it a valuable exercise 
to point out the constituents suggested by the names 
given in the foregoing lists. 
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(17.) Tiie composition of compounds and the 
changes thej undergo are represented bj symbols and 
equations, 

1. Symlols of compounds. — Instead of writing the 
names of compound bodies in full, a system, of symbols 
has been adopted. The symbol of a componnd is 
made up of tlie symbols of its constituents witli figiirea 
to show the number of combining weights. Instead 
of uriting the statement that water consists of hydro- 
gen and oxygen, two combining weights of the one to 
one of the other, we may with less trouble write the 
symbol, HjO, which teaches the same thing. That 
nitric acid consists of two parts of hydrogen, two of ni- 
trogen, and six of oxygen is shown by the simple ex- 
pression Ha N5 Oe ; or if, as is often done, we represent 
its composition by the simpler symbol H K O3, we un- 
dei'stand it to consist of one pait hydrogen, one of ni- 
ti'ogen, and three of oxygen. When no figure is 
used, one is understood. These symbols contain mnch 
valuable information about the compounds they repre- 
sent 

They teach : — 

let. The names of the eonstitaents, by the letters 
they contain. 

3d. The number of combining weights of each, by 
the figures they contain, 

3d. The number of combining volumes of gaseous or 
volatile constituents, also by the figures they contain. 

4th, The combining proportion of each, which is 
equal to the combining weight multiplied by the figures 
used. 

Tlie symbol of potaasic chlorate, for example, is 
KOlOg. 
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iBt. What are its constituents 1 Potiissinm, chlorine, 
and oxygen. 

2d. How mauy combiniug weights of each ? One of 
potaasiuni, one of chlorine, three of oxygen. 

3d, How many volumes of each ? One of potassium, 
one of chlorine, three of oxygen. 

4th "What comhinmg proportion of each ? K = 39.1 , 
01 = 35.5, = i8. 



1st. Write the symbols of the following conapounds, 

SiilphuriG add — ^niade of hydrogen two parts, snl- 
phur one pai't, oxygen four parts. 

Sitlphurio anhydride — -one part snlpliur, throe of 
oxygen. 

Sydro-Bodic svlfhate. 

Potan-fic nitrate. 

2d. Name the compounds having the following 
symbols : 

K,0, KHO, KCl, KjSO,, KHSO,. 

2. The changes they undergo.— Ij&t us study the fol- 
lowing beautiful experiment. Into a solution of potasaic 
iodide (iodide of potassium) put a few drops of mercuric 
chloride (corrosive sublimate) : almost upon the instant 
a rich yellow precipitate appears, whose color gradually 
changes to a bright scarlet. TJiia scai'let-colored pre- 
cipitate is mercuric iodide. At the same time another 
substance, potassio chloride, is made, but this being color- 
less and soluble is not seen. 

Now these changes may be shown at a glance by 
using the symbols of the compound?. Tims : 
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HgC!, == 2KCI -f- Hgl, 



To underetand this, however, we must know that a 
figure put before the eymhol of a eompound shows how 
many combining weights of the oo/npound are used. 
2K I means two of potaesic iodide. The substances used 
in tbe experiment, tbrm tiie first member of tlie equa- 
tion ; the substances produoed form tbe second — signs 
being iised as in algebra. 

Not o.n atom is lost, nor an atom gained in these ex- 
change. The second member must show the same 
number of combining weights of everj' element found in 
the firat, but differently arranged to make the symbols 
of the new compounds. The precision of exchanges is, 
beyond comparison, perfect. To illustrate this let us 
write the same equation with the combining weights 
of the elements (see table p. 21), 

SKI + HgCl. = 2KCI + ITgT, 

2(39.1 + 127) + (200 -h 35.5 x 2) = 2(39.1 + 35.5) + (200 4- 1S7 x 2) 

It must be seen that the values of the twu members 
of the equation are exactly equal. 

This symbolic language of Chemistiy is of the greatest 
value. It shows, at a glance, an amount of infomnation 
which if spread out in ordinary language, would often 
be tedious or obscure, and reveals relations which in the 
ordinary language would be unseen. Let us become 
more familiar with the system and with the relations it 
reveals, and we shall find that among the molecules, as 
among the planets, an inflexible law prevails, so that 
the growing, budding, blossoming, and ripening of fruits 
and the fa]lin_^ of leaves are bi-ought about by as defi- 
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nite laws as those which control the motions of 
heavenly bodies by which the change of the seasons is 



a. Heaction of sodium a/nd water. — Drop a bit of 
sodium upon water : the metal melts, runs about, and 
gradually disappears : sodic hydrate is formed. The 
reaction or change is represented thus; 

HjO-1-lS'a = HNaO + n 

Water. Sodium. Sodic Hyrirute. njdi-ogen. 

The equation teaches, at a glance, that one combin- 
ing weight of sodium takes the place of one of hydro- 
gen in water, forming sodic hydrate, the one combin- 
ing weight of hydrogen being set free. 

!Now write the nnmerical values of the symbols, that 
is, the combining weights of the substances, aud from 

II3 + T^a = II H"a + II 



we learn that for every 18 grammes, or other units, 
of water decomposed, 23 of the same units of sodium 
will disappear, while 40 of the sodic hydrate will be 
formed and 1 of hydrogen gas will be given oft' No 
human power can change these proportions. 

If we would know how much sodium is needed to 
make 120 grammes of the hydrate, we havehut to notice 
that 40 grammes would need 23 of sodium and then, of 

course, 130 would need —-~~- x 23 = 69. 
' 40 

b. Me.aotion in the preparation of oxygen, — We re- 
member that oxygen gas is prepared by heating potassic 
ohlorate : let na examine the chemical changes which 
take place. Here is the equjition : 
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KCIO3 := KCI + 30 



This equation shows that tlie chlorate is d 
and potasBic chloride formed, while 3 eombming weights 
of oxygen are set free. 

The numerical equation, showing the eombinhig 
a of the substances, is aa follows : 



K CI O3 ^ K CI + 30 

(aa.l + 35.5 + 48) — (39.1 + 35.5) + 43 

Bj adding the combining weights in the firat member 
we get 122.6. Now 122.6 grammes, or otlier unita of 
the chlorate will, as the equation shows, give exactly 
48 of the same units of oxygen. If we would know 
how much oxygen could be obtained from any other 
weight of chlorate — say 613 grammes — we would have, 

Taa~o X 48 =: 240 gi-ammes. Or in general terms we 

would divide the given weight of the oompoimd fry its 
combining vmght, and multiply the quotient hy the 
weight of the oonxtitue^ii given off, as shown hy the 
equation which represents the reaction. 

By this rule the following problems may be solved. 

1. What weight of oxygen may be obtained from 10 

grammes of potassio chlorate ? 

10 
.,„„ „ X 48 = 3.91 grammes. 
122.6 ^ 

2. How muchpotassic chloride would l>e formed? 

I .^n -r: X 74.6 = 6.08 grammes. 

3. How much oxygen by weight in 500 grs. of po- 
tassie chlorate? Ans. 190.75 grs. 

4. How much oxygen by wciglit in 90 gra. of water J 
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n -y^ X 16 =: SO Ans. 80 grs. 



18 

Now observe tliat, in ttis equation, 

90 is the weight of a compound; let i 
it by 0. 

18 is its combining weight ; let us represent it by c. 

16 is the weight of substance obtained from c; let us 
represent it by a. 

80 is the weight of substance obtained from C ; let 
ns represent it by W. 



And hence W = a x — 

This formula is a short-hand expression of the prece- 
ding rule, and may be easily used to solve problems by 
substituting given values for the letters, and reducing 
the equation. Tor example, how much by weight of 
oxygen can be obtained from 367,8 grammes of potassio 
chlorate. 

The value of 0, is given = 3G7.8 
" " c is known =; 132,6 
" " a is " = 48 

The last two values are taken from the equation 
which shows the reaotion. By putting these values for 
the letters in the formula it becomes 

W = 48 X ~=|; hence W = lU. A71S. 

The superior value of a formula like this is clear 
when we notice tliat it contains four different quanti- 
ties, any three of whicli being given the fourth may be 
found, so that it may be used to solve four dosses of 
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prolalems instead of one.* The following examples 
will illustrate, 

1. How much oxygen can be made from 490.4 gra. 
of potassic chlorate ? 

Here ^ 490.4; c = 122.6; a = 48; and W ia re- 
qnired. W = 193 grs. 

3. How much potassic chlorate wonld be needed to 
give 96 grs. of oxygen ? 

HereW= 96; e = 132.6; a~ 43; and C is required, 
O = 245.3. 

3, What is the combining weight of potassic ehiorate 
if 100 gra. ofit will yield 39,13 grs. of oxygen? 

Here = 100 ; W =: 39.13 ; a = 48 ; and c is re- 
quired, c = 133.6. 

4. How much oxygen in the combining weight of po- 
tassic chlorate, if 613 grs, of chlorate yield 240 grs, of 
oxygen 1 

Here = 613 ; W = 340 ; c = 122,C ; and a is re- 
quired, a = 48. 

A different thing being required in each one of these 
problems, the applicatioa of tlie rule might not be ob- 
vious, but suhatitution in the formula is easy. 

c. BeaMiofiin preparing hydrogen. — When hydrogen 
is obtained by the use of zinc and sulpharie *cid, a 
chemical action occurs, represented by the following 
equation, 

Zn + H, SO, =ZnSO, + 2n. 

The zinc takes the place of the hydrogen in combina- 
tion with the acid; ziucic sulphate is formed andhydro- 

• See report of the Kegents of the Uaiversity of Oio Slate flf New 
York, 18GT, pp. 603 to KlJ, 
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gen gas set free. The numerical eqtifitioii, by putting 
combiuiiig weights in place of aymbols, is ; 

65.2 + 98 = 161.2 + 2 
■wliich shows that for every 65,2 grammes, or other 
units of zinc, 2 of hydrc^en gas will be set li-ee. 
The following problems may be solved : 

1. How much hydrogen may be obtained by the 
action of 32.6 gi-ammes of zinc on Bulpliuric arid 3 

2. How inueh sulphuric acid would be needed ? 

3. How much zineie sulphate would be formed ? 

4. How much zinc needed to prepare 5 grammes 

(77.15 gra.) of hydrogen* Ans. ^x 65.2=163 gi-ammes, 
^77.15^^ g. 2 ^ 2515 <n-s 

5. How much zinc required to give 51 grs. of hy- 
drogen. 

d. From weight to calculate volume.— ^^e pass now 
to another point of much importance. "We have just 
seen how to calculate the weight of oxygen and other 
gases obtained by chemical reactions : but gases are to 
be measured, not weighed. Can we from these weights 
obtain the volume of gas set free ? 

For this purpose we need to remember tliat, at the 
standard pressure and temperature, one liter (61.03 
cub. in.) of air weighs 1.2932 grammes (19.95 grs.), and 
that this, mirltiplied by the specific gravity of any gas 
will give the weight of I liter of it. 

For example, the specific gravity of oxygen is 1105, 
and the weight of 1 Hter (61.03 cub. in.) must be 1.2932 
X 1.105 = 1.4-29 grammes. Now, any given weight of 
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this gas, rlivided by the weight of one liter, will, of 
course, sliow the number of liters. 

1. How many liters of oxygen in 75 grammes ? 
1st. 1.3932x1.105= 1.429. 



2. How many liters of hydrogen in ^5 grammes ? 
1st. 1. 2933 X. 0692 — .0894 

^■1^ = ''"'- 

3. How many liters of oxygen maybe obtahied from 
61.8 grammes of potassic chlorate? Ann. 16.79. 

4. How many liters of hydrogen may be obtained by 
the action of 163 grammes of zinc upon sulphuric acid ? 

Ans. 55.92. 

In the foregoing method we have supposed air to be 
the standard or unit of speciiio gravity; but, as we 
have learned, hydrogen is the unit adopted by chemists. 
How, then, shall we calculate the volume from the 
weight of a gas ? The operation is the same as before ; 
the values employed are different. 

The weight of one liter of hydrogen at 0°0 and 0™.76 
pressure is 0.08936 (Eoscoe). The specific gravity of an 
elementary gas is expressed by the same number as its 
combining weight ; that of a compound gas by one-half 
its combining weight. The weight of a liter of hy- 
drogen, multiplied by tlie specific gravity of a gas, 
gives the weight of one liter of the gaa. 

1. Let us now calculate the volume of nitrogen gaa 
whose weight is 75 grammes. 
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let 0.08936x14 = 1.251. 

2<3. -^7= 59.95 litera. 
1.25i 

2. How many liters of hydrogen may be obtained 
irom 50 grammes of zinc, witL sulpburic acid enough 
to use that amount ? 

Zn + H,SO, = ZnS04 + 2H. 

65,2+ 98 = ICl-a + 3 



0.08936 

3. How many litera of oxygen may be obtained from 
60 grammes of potaasie chlorate ? 

4. From 100 grammes of ammonic nitrate, how much 
nitrous oxide may he obtained? 

5. What volumes of hydrogen and oxygen would be 
set free by decompc^ing 40 grammes of water? 

In making tliese calculations, we have supposed the 
temperature to be 0° C. or 32° F. ; at higher temperatures 
the volume would of course be greater. It has been 
found by most careful experiments tbat gases expand 
5-^ of their volume at 0° C. for every 1° of heat applied 
to them. Thus, at 15° C, the volume will be 5*^^ greater 
than at 0° 0. Having fii-st found the volume at 0° C, 
it is therefore very easy to calculate it at any higher 
temperature. 

Let the student apply this to the foregoing problems, 
and find the volume of the gas at 30° 0. in each case. 

If the volume is to be calculated according to I^ah- 
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renlieifs soale,iheQ remember that gaaea expand j^ of 
their volume at 32° F, for eacli additional degree. 

Let the student apply this to the foregoing problems, 
and calculate the volume of the gas at T0° F. in each 
case. 

e. Eeaction m prepanng nitrous osAd^. — Let t^ now 
study the process of getting nitrous oxide from am- 
raonie nitrate (see p. 53). The symbol of the nitrate is 
N H,N Oj, and the reaction is as follows : — 
NH^NO, = 2H,0 + W,0. 

11 + 4 + 14 + 43 = 2 (2 + 16) + 28 + 16. 

!Now to this reaction apply the metliods just illus- 
trated, and make the following calculations : — 

1. From 50 gi-arames of the nitrate, how many liters 
of nitrous oxide (sp. gr, 1.527) may be obtained? 

Ans. 13.56. 

2. How many grammes of water would be set free? 

Am. 31.94 + . 

3. From 10 grammes of the nitrate, how many liters 
of nitrous oxide may be obtained? Ans. 2. 71 + . 

4. How much nitrate needed, to give 2.71 liters of 
nitrous oxide % 

1.2932x1.527x2.71 = 5.35 = weight of 2.71 litei-s 
of oxide. -7-- x80 = 9,72+ grammes. 

5. How much nitrate needed, to give 100 cub. in. 
of nitrous oxide \ 

(18.) From the symbol of a compound we may cal- 
culate its percentage composition if we know the com- 
bining weights of its constituents. Ey examining the 
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process we may make a formula by which three other 
cla^ea of problems may be solved. 

1. Percentage coinprnition. — By percentage composi- 
tion we mean the weights of the constituents in 100 
parts of a eonipoimd. To ilhiatrate : wiien water is ana- 
lyzed the chemist finds that every 100 parts of it eon- 
tain 11.11 parts of hydrogen and 88.89 parts of oxy- 
gen. The percentage composition of water is, there- 
fore, 11.11 of hydrogen and 88. 89 of oxygen. The 
percentage composition may be found by analysis of 
the compound. . 

3. Calculated from the syiiihol. — Or it may be cal- 
culated from the symbol, if we know already the com- 
bining weights of its elements. For example, the sym- 
bol for acetic acid is Cj Hi O^ and we know the combin- 
ing weights = 12, H = 1, O = 16. 

Ill the fii'Bt place multiply each combining weight 
by the number of atoms of its constituent, the sum of 
the products we know to be the combining weight of 
the compound, and each product is the weight of its 
element in tliis combining weight. Thus : 

12 X 2 = 24 = weight of G in one combining weight of acetia acid. 
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Hence tlie percentage composition of acetic aci(3 ia 
= 40, H =: 6.06, and = 53.3i. 

3, Mahs a formula. — To obtain the 40 of cai-bon 
wliat has been done? Observe that the operations are 
as follows : 

12 X 3^60x100 = 40. 

13 is the combining weight of the element; let ns 
represent it by A. 

2 is the relative number of its atoms; let us repre- 
sent it by N. 

60' is tho combining weight of the compound; let us 
represent it by E. 

40 is the percentage part of the element ; let us rep- 
resent it by P. 

Hence— ^x 100 = P. 

By a little attention we will see that this formula 
shows the operations by which the pereentage parts of 
hydrogen and oxygen, as well as that of carbon, were 
obtained. By applying it to the several elements 
shown in a symbol, the percentage composition of the 
compound may be obtained. 

"What ia the percentage composition of alcohol whose 
symbol is C^ H^ 0, and coujbining weight = 46 ? 

\1y'J. 1 

Hero for C, A = 12, N = 2 ; hcaeo -^- k 100 = T =: 52. 1 8, C. 



0, A:::; H;,N = 1; " — Tx" X 100 = P = 34.13, 0. 
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4. Three other classes of 'prolileTns. — Ej looking again 
at the formula we may aeo that it contains four varia- 
ble quantities, any three of which being given tlie 
fourth may be found. Kcnce/oMr classes of problems 
may be solved : 

let. To find the percentage composition = P. 

2d. To find tlie relative number of atoms of the con- 
stituents = N. 

8d. To find the combining weight of the compound 
= E. 

4th. To find the combining weight of constituents 
= A. 

The first has been already illustrated : we pass to 
the second. 

Suppose that by analysis the percentage composition 
of an acid has been found to be C = 40; H = 6.66; 
O — 53.34, and its combining weight = 60. The com- 
bining weights of the elements being known, w^a^ is 
the symhol of tU acid f Here for 0, P = 40 ; A = 12 ; 
and E is 60. Since to find the symbol we must iind the 
relative mm^er of atoms, N is rccjuired. Putting these 
values in the formula : — ■ 

]2xN 
For — -^r' x 100 = 40 ; hence S = 2 = number of C atoias. 

IxN 
ForH - „- xlOO^S-eG; heiioe K = 4= " H " 

ISxS 
ForO — yjj— >;IO0 = 5S.3i;lienceK — 3= " " 

Writing the symbols of the elements with the numbers 
of atoms we have the required symbol C^ Hj O^. 

The combining weight of the compound may be found 
by the formula, if we know the combining weight of 
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one constituent, the relative number of its atoms, and 
the percentage part of it in the compound. 

Let 118 suppose that the combining weight of ethyl 
is to be fonnd, For tliis piu']^)ose ethylic iodide is ana- 
Ijzed, and found to yield, in 100 parts, 81.i of iodine, 
■whose combiiiing weight is 127. The relative mimber 
of atoms of iodine is supposed to be 1. 

Here P= 81.4 ; A= 13T ; K = 1. By putting these 

values ill the formula we iiave — ^^ X 100 =■■ 81.4 ; 

henee E = 156. Tliie 156 is the combining weight of 
ethylio iodide, and of course the sum of those of iodine 
and ethyl. Hence 156 —127 = 29 = the req^uired com- 
bining weight of ethyl. 

The combinmg -weight of a coTtstituent may be found 
by the same formula, if we know the relative number 
of its atoms, the percentage part in a compound, and 
the combining weight of the compound. 

Suppose that an analysis of plumbic acetate has shown 
the combining weiglit of acetic acid to be 60 ; that an 
analysis of the acid has shown that 100 parts yield 40 
of carbon. The relative number of carbon atoms in 
tiie acid being S, what is the combining weight of car- 
bon. Ans. 12. 

In tills case K = 60 ; P = 40 ; N = 2. ]?y putting 
these values into the formula we have —rrr-x 100=40; 
hence A=13. 

The algebraic expression of a rule " shows at a glance 
all the relations of the data considered, and provides 
obvious solutions for a great variety of problems." * 

* Sae Proceedingaof the Uuiveraity Convocation of llie State of Hew 
York, August, ISfiU, puhllslied in the Regant,;' Report, 1S67. 
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CTIAPTEU III. 



OF CHEMICAL GE0TJP8, 



General Statement. — The substances to be described 
in chemistry are so numerous that, to be studied suc- 
ceBsfully, tliey must be arranged in groups. No system 
of classilieation is yet in all respects perfect. But wlien 
our obje(!t is to become acquainted with the properties 
of substauces, tliat system is.best which brings into the 
same group bodies M'hose properties arc most nearly 
alike. 

I.— The Non-Metals. 

(19.) In the study of the non-mctnls, a system of 
classilieation, based upon quantmalenoe, is most ad- 
vantageous; 

1. Qaantivalemie. — Let ns approach this subject by 
eompanng the composition of hydrochloric acid, water, 
and ammonia. For this purpose notice their symbols : — 

H CI H, Hs N 

HydrocMorie Acid. Water. Ammonia. 

And observe that one combining weight of chlorine 
takes <me of hydrogen ; while one of oxygen takes two, 
and one of nitrogen takes three oi hydrogen. These 
particular elements are not at present known to com- 
bine with any larger proportions of hydrogen. 

Not only can one atom of chlorine take no more than 
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one of liydrogon, but when Kubstitutioii occm-s, one 
atom of chlorine can talce the -place of only one of iiy- 
drogen. Thus: — ■ 

C[ + H H = H + H CI 0. 

Ciiloruie + Wafer — HjdrogeQ + HjpoeWorouB Acid. 

It would, therefore, seem tliat in combination, one 
atom of chlorine is equivalent to one atom of hydrogen. 
Now, to show this peculiarity, chlorine is called a v,nixi- 
oleni element. 

Ore atom of oxygen can hold two atoms of hydrogen 
in combination, or may be snbstitnted for two of hy- 
drogen : on this account it ia called a JmaleM element. 

And since one atom of nitrogen in combination 
seeme to be ecLnivalent to three of hydi'ogen, nitrogen 
is called a trivalent element. 

But these three elements are types of as many groups 
of bodies. All substances which, like chlorine, can re- 
place hydrogen, atom for atom, are univalent; those 
which, like oxygen, can be snbstitnted, one atom for 
two of hydrogen are bivalent ; and those which, like 
nitrogen, may be snbstitnted one atom for three of hy- 
drogen, are trivalent. In addition to these three we 
may notice a fourth group, of which one atom of any 
member may be substituted for /Jim/* atoms of hydrogen : 
these are guadi'i'oalent. 

By the term quantivalence, tlien, we understand the 
combining power of a substance as measured by the 
number of hydrogen atoms, which one of its atoms is 
able, most generally, to replace. 

The qnanti valence of a substance is measured by the 
number of hydrogen atoms, which one of its atoms most 
gm.efallij replaces: this number is not always the 
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greatest number wliicb it cmi replace. "Each element, 
however, haa a maximnm power which it never exceeds; 
this we shall call its atomicity, and we shall distinguish 
the elements as monads, dyads, triads, and tetrads, 
according to the number of univalent atoms they are 
able at most to bind together." (Cooke's Chem, Phil.) 

2, MiiPual qitantivalence.— One atom of any univ- 
alent element may replace one of another ; but it will 
take two of its atoms to replace one of any bivalent 
element ; -three to replace one of any trivalent element, 
and four to replace one of any quadrivalent element. 

One atom of a bivalent element can replace two of 
any univalent, and but one of any bivalent element. 
It will take three of its atoms to replace two of a triv- 
(dent element, and two of its atoms to replace one of 
any quadrivalent element. 

Let us represent the qnantivalence of tlie elements 
in the usiial way — by lioinan ivumerah, loriiten above 
the symbols, and we have : — 

CI . . . One atom of univalent chlorine. 

() . . . One atom of bivalent oxygen. 

!N" . , . One atom of trivalent nitrogen. 

C . , . One atom of quadrivalent carbon. 

These four symbols represent types of the four 
groups named. 

!ffow, to show that two univalent atoms of chlorine 
are required to replace one bivalent atom of oxygen, 
we may write :— 

2 CI = 1 6. 

In the same way ; 



Healed byGoogIc 



C II E M I S T R Y. 



30 = 3]^ 



bIiows tliat 3 bivalent atoms of oxygon are equivalent 
to, or may replace two trivalent atoms of nitrogen in 
combination. Observe : Tbe Soman nwneral of eacii 
element sliows the numher of atoms of the other. This 
will always be the ease when the quantivalenee of two 
elements in combination is just balanced, 

To apply this principle to carbon and oxygen : liow 
many atoms of each of these elemente are equivalent 
in eomblnation ? Making the value of each E.oman nu- 
meral tlie co-efficient of the other symbol, we have ; — 

2 = 40. 

But, since the ratio is the siuuc, wc may as well take 
the smaller numbers, and have ; — 

10 = 2 O, 

that is, one quadrivalent atom of carbon is able to re- 
place two bivalent atoms of oxygen. The products of 
co-efficient and Roman nv/merals must, in all cases, be 
equal for the two elements. 

In a great many compounds the qnanti valence of tlie 
elements is not balanced. In nitrous oxide, for ex- 
ample, Na O, we notice, that of the nitrogen there ai'e 
III X 2 = 6 units of qiiantivalence, while of the oxygen 
there are but II x 1 = 3 units of qnantivalence. Four 
of the sis units of the nitrogen are unsatisfied. In nitric 
anhydride, N^ O5, we notice, that of nitrogen there arc 
III X 2 = 6 units of qnantivalence, while of oxygen 
there are II x 5 = 10 units of qnantivalence. In this 
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case, four of the six units of oxygen are inisatiafied. 
In nitrons aultjdi'ide, N^ O3, we see, that of nitrogen 
thei-e are IIIxS = 6 unite of quantivaience ; and of 
oxygen there are II x 3 = 6 nnits also. All the niiils 
of quantivalence in this compound are satisiiecS. Of the 
^re different compounds of nitrogen and oxygen, tlie 
nitrons anhydride is the only one in whidi tliis relation 
exists. When all tlie units of qnantivalence are satis- 
fied, tlie compound is said to be saturated. 

3, Quantivalence (/f compounds. — Many compounds 
also belong to tlie groups already described. Some will 
replace one atom of hydrogen, others two ; the first are 
univalent compounds, the last bivalent. Others may 
be trlvalent or quadrivalent. 

The compound' if O2 is univalent ; for, 

J5 I + K 0, =j^^^Q^ I 0=11 N O, 

wc see that one molecule of N O3 takes the place of one 
atom of hydrogen in water and forms nitric acid. 

4. Quantivalence a hasis of classification. — The 
quantivalence of the elements is for the most part very 
well established, and it is found that those which be- 
long to the same group are, in general, alike in other 
chemical, and in physical properties. This is more 
especially true of the noa-inetals. 

I. ^THE TiKIVALKNT NON-METALS, OK CHLOEINE GEOOP. 

(20.) Chlorine is a very abundant element. It is 
most easily obtained from hydrochloric acid. It is a 
greenisb yellow gas, having a strong affinity for hy- 
drogen and the metala. 
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1. Chlorine in nature. — Cliloriue is not found free in 
iiatui-e, but in combination it is one of the most abund- 
ant elements. Sodic chloride (common salt, Na CI) is 
distributed tbrougliout the air, tlie soil, the rocks, and 
the sea. Hore than li^lf ("t^I the weight of this sub- 
stance is chlorine, and calculating from the amount 
of salt in sea-water, we may find that something more 
than five gallons of this gas is contained in one gallon 
of sea- water, 

2, Obtained from hydroolilorio acid. — The chlorine 
in lijdTOchlovic acid may be set ffce by the action of 
manganic dioxide, For this purpose, the acid, with 
about one-third of its weigiit of the dioxide, is put into 
a large flask (Fig, 26), pro\fidcd with a tight cork and 



suitable tubes B) heating the mixture gently, the 
chlorine is ^i\ en off m abundance ; passes over through 
the tube to the bottom of the jar, A, above which it 
gradually rises, until the jar is filled. 
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The reaction is as follows : — 

MnOa-1-4 HC1=2 H,0 + iIii C!, + 2 CI. 

The oxygen of tlie dioxide, combining with the hy- 
drogen of the acid, forms water; ■whiie a part of the 
chlorine, taking the manganese, forms manganic chlo- 
ride, and the rest of tlie gas is set free. 

3. Its physical propeHies. — Unlike other elementary 
gases, ciiloi'ine has a greenish-yellow color, and a pecu- 
liarly Biiffocatiog odor. It is very solnble in water ; for 
this reason it is not conveniently collected over water, 
as the other elementaiy gases niaj be ; bnt, being about 
two and a Jialf times heavier tlian air (2.47), it is easily 
collected by displacement of air. .(^ee Fig. 26.) 

4. Its chemieal actions. — Chlorine combines readily 
with hydrogen. "When a mixtnre of the two is placed 
in the direct rays of the son, a violent explosion an- 
nounces their union. Dlifuse light causes' the combina- 
tion gradually, while, if mixed and kept in tlie dark, 
no chemical action takes place. 

So strong is the chemical force, or affinity, between 
these elements that chlorine will decompose many com- 
pounds of hydrogen. An instructive experiment illus- 
trates this. A lighted wax-taper, plnnged into a jar 
of chlorine, is extinguished ; but, curiously enough, it is 
at once relighted, burning afterward with a dark, red 
flame, and giving o£F a dense, black smoke. The ex- 
planation is this : — the white ilame in the air is due to 
the action of oxygen ; there being none of this element 
in the jar, the action ceases. The wax contains hy- 
drogen, and the chlorine, decomposing tlie wax, com- 
bines with this element so vigorously as to produce a 
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Chlorine is largely nsed in the arts of bleaching and 
disinfecting. Its power to destroy colors and bad odors 
is due to its affinity for hydrogen. It takes tliis element 
out of the coloring matter, and at the same time de- 
composes the water which is present, liberating oxygen, 
which also attacks the colored substance. The reaction 
is complicated ; but doubtless both chlorine and the oxy- 
gen set free by it, destroy the color or the odor, ^ the 
case may be, hy forming colorless or odorless com- 
pounds with its elements. 

Olilorine combine, aleo, with most metals readily. 
Powdered antimony sprinkled into a tall jar of chlo- 
rine, takes fire and falls to the bottom in a shower of 
sparks. Metals wliicli, like gold, resist the action of 
oxygen and the acids, are attacked by chlorine. Nei- 
ther nitric acid or hydrochloric acid alone will act upon 
gold, hut when mixed tliey form what is called aqua 
regia, in which there is free chlorine; by this mixture 
gold tri-ehloride is speedily formed. 

(21.) Bromine is fonnd in small cfuantities combined 
with metals in the waters of the sea. It is a dark 
brown-red liquid, having a strong affinity for hydrogen 
and the metals. It is used to some extent in medicine, 
and quite largely in photogi-aphy. 

(22.) Iodine is found in sea-water in still smaller 
quantities than bromine. It is a blue-black ciystalline 
solid, very volatile, giving off a superb violet-colored 
vapor wlien warmed. It has a strong affinity for hy- 
drogen and metals. It is used in pliotography, and 
is highly prized in medicine. 

(23.) IHuorine is found combined with metals in cer- 
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tain triinei-als — ^fluor-spar (calcic fluoride, Ca Plj) being 
the most common. It is obtained free only with the 
greatest difficulty, and on this aeconnt its pltyaical 
properties are imperlectlj known. It eeeins to be a 
gas, having a violent affinity for hydrogen, for tlie 
metals, and indeed for most other substances. 

(24.) Tlie properties of these four elements serve to 
rank them togetlter in a well-marked natural group. 

1. Tfieir physiool properties. — Leaving fluorine out 
of the account, wo notice that chlorine is a gas at ordi- 
nary temperatui-es, bromine a liquid, and iodine a solid. 
At a little higher temperatnre all three are gaseous. 
In the colors of these gases we notice a curious gi-ada- 
tion. Bromine is at one end of the spectrum, dark 
red ; chlorine in tlie middle part, greenisli yellow ; and 
iodine at the other end, a beautiful piolet. 

3. Their chemieal properties. — These four elements 
resemble each other in their chemical properties also. 
They combine with the same substances, and gener- 
ally in the same proportions. For hy.drogen and the 
metals they all have strong attraction ; with oxygen 
they (witli the possible exception of fluorine) unite 
with a feeble force ; with nitrogen they form explosive 
compouiida. Tiiey are all univalent, and the single 
compound which each one forms with hydrogen is an 
acid. 

The following symbols illustrate the analogous corn- 
position of the compounds of these elements : 
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1. WJiat names sliall be given tlie compounds oi' liy- 
drogen with tliese elements? 

2. What imiiiber of atoms of each element in these 
acids ? 

3. What proportions bj volume? 

4. What proportions by weight? 

The coraponnda of these elements with oxygen, whose 
eymbole are given, are not all known in a free state; 
most of them are found combined with water, and in 
this case they are acids. Tlie Cl^ O, is then changed 
to HCl Oj, which is called pevchlovic acid. 

Cla O^ + Hs O = n,Cl2 O3 = 2 H CI O,. 

1. Name the other acids corresponding to tlie several 
oxides represented. 

3. What would be the symbol for each ? 

3. Describe the composition of each acid : first, by 
atoms; second, by weight; and third, by volume. 

II, THE BITAIENT HON-METiLS, OR SULPHUB GROUP. 

(25.) Sulphur is a very abundant element in nature. 
It is sometimes found c ly stall i zed. In commerce it ia 
obtained chiefly in two forms,— flowers of sulphur, and 
roll brimstone. It is used very extensively in tlie arts. 

1. Sulphur in natiwe. — In some volcanic districts 
sulphur is found free. The mines of sulphur on the 
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island of Sicily contain the sulphur mixed with earthy- 
matter, and much more rarely in the form of very pure 
and beautiful crystals. 

Sulphur, in combination with metals, is found in the 
earth almost everywhere. Iron ])yritee, so common and 
familiar, is a diaiilphide (Fe Sj), In combination with 
hydrogen it is found in the water of what are called sul- 
phur springs. And besides all tliis, sulphur is au im- 
portant element in many animal and vegetable sub- 
stances. 

2, Sulphur in eommeroe. — ^By far the greater part of 
sulphur in commerce has been obtained from the " na- 
tive sulphur," such as is found in Sicily, simply by the 
application of heat. The sulphur is vaporized, arid, 
passing over into large, cold ehambei-s, the vapor is 
again condensed. In this way sulphur, in the finest 
powder, and known in commerce &% flowers of sulphur, 
is obtained. 

When smaller chambers are used, their walls soon 
become so heated by the hot vapors that the sulphur is 
kept in a melted state. This liquid, drawn off into 
molds and cooled, forms what is known as roll h'im- 
stone. 

3. lis physical properties. — Many of the physical 
properties of sulphur are too familiar to need a state- 
ment here ; the efteeta of heat upon it, however, are 
peculiar and worthy of particular notice. 

Let a small quantity of sulphur be laid on a piece of 
writing paper and held over the flame of a candle ; in a 
little time, it melts to a clear, yellow liquid. The melt- 
ing begins at about 110° 0. (230° F.). Again: put 
moi-e of it into a test tube and heat it gradually. After 
melting, it remains a clear, limpid liquid up to about 
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133° C. (270° J.), and then begins to get thick and 
dark colored. At about 260° C. (500" F.) it is so viscid 
that it can ecarcelj' be poured from the tube ; but, as 
the heat increases, it becomes less viscid, and finaHy, at 
about 437" C. (800° F.), it boils. 

It; when heated to about 233° 0. (450° F.), it ia 
poured into coid water, it becomes curiously unlike 
common sulphur: it cools into a dark-colored solid, 
with a considerable degree of elasUaity. 

4. Its c/iemisal properties.— Sulphur has a wide range 
of attractions. It nnites with oxygen and with hydro- 
gen to form important acids. With the metals it forms 
a n\imeroua class of sulphides or, as they were formerly 
called, sulphurets. 

5. Its itses, — Sulphur is very largely used in the arts. 
It is a constitxient of gunpowder and of sulphuric acid. 
It is used in the manufacture of ffiction matches, in 
medicine also, and, in its elastic state, produced nnder 
the influence of heat, it ia used in taking easts of coins 
and medals, 

(26.) The otlier members of the sulphur group are 
oxygen, which has been already described, and the two 
rare and unimpoi-tant elements, selenium and tellurium. 

(27.) The four elements just considered form a second 
well-marked natural group. Their athnitics are for the 
same substances, and their compounds have a similar 
composition. 

1. Their compcnmds are analogous. — Let us first no- 
tice the hydrogen compounds of the members of this 
group. They are shown by the following sj'mbols : — 

ILO, T-I,S, H,Sc, n,Te. 
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One atom oi'cacli is able to combine with two of hy- 
drogen. The bivalent character of th^e elements is 
clearly shown in these compounds. 

The comjDoond of hydrogen and sulphur is worthy 
of more tlian a passing notice. Into a bottle (Fig- 27), 
provided with a very tight (;orli and proper tubes, some 

Fig. 27. 




feimu'! sulphide (Fe S) !s phcLd, lud thumgh the fun- 
nel tube ii ponied dilute '.ulphuiic acid A coloiless 
gas will pass over through the delivery tube into the 
water of the first bottle A, of the series. A part of the 
gas will be dissolved in this water; what is not, will 
pass over to the next bottle, and, if the operation be 
continued, the gas will finally escape into the jar B, 
at the end of the series, Tlicre will then be in the 
bottles a solution of the gas, while the gas itself will 
be collected in the jar ; and, should any escape into the 
room, its presence would be known by its fetid and 
even disgnating odor. This gas is the hydrtBuIphuric 
acid (Ha S), commonly called sulphuretted hydrogen — 
one of the most valuable agents in the laboratory of the 
chemist. In the work of analysis it is indispensable. 
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2. Co7n.])Ounds of oxygen with the other three. — The 
last tlii-ee elements of the group form analogous eom- 
poimds witli oxygen. !Notice the symbols: 

S 0, Se 0, Te 0, 

S O3 Se Os Te O3 

in which this resemblance clearly appears. 

By combining with water these oxides all form acids: 
the sulphurous (H, S Og) and the siilphni-ic (Hj S O4) 
being very useful substances. The former is nsed for 
bleaching straw and woolen goods; the latter, in im- 
mense quantities, for tlie manufaetiirG of chemicals. 



HI.— THE TEIVALENT HON-METALS, OK HITEOGEK GROUP, 

(28.) Phosphorus, in small proportions, is found in 
Bonie minerals, and is a most important element in 
oi^anic bodies. It is obtained from bones. It 13 a 
waxy-looking solid, shining in the dark, and having a 
strong attraction for oxygen, 

1. Phos^yhorm in nature. — Compounds containing 
p]iopphorus are quite common in soils and rocks. 
Plants receive them from the soil, while animals, living 
upon vegetable food, take these compounds from the 
plant. It is fonnd in wheat and other grains, and in 
the brain and secretions of animals : so that while not 
very abundant, it is a widely distributed and very im- 
portant element. Its most common eomponnds are the 
phospiiates, and of these the most abundant is the 
calcic phosphate. This compound of phosphorus occurs 
in bones, and from tbese the element is obtained. 

2, Itx physical properties. — ^Phosphorus is a solid 
element, having a pale j'cUow color, rather soft and 
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wax-like at eommoa temperature, but brittle at 32° F. 
In a dark room its clean sui-faee shines witli a feeble, 
pearl-white light. Its vapor also ia beautifully plios- 
phoreseent. To show this, put a few small fragments 
of the solid into a ilask of water and hoil it. Tlie mixed 
vapors of water and phosphorus escape, and, in a dark 
room, look like livid flames, while at the same time 
globules of melted phosphorus, on the surfaces of the 
water and the glass, appear like little balls of pearl. 
This element is insoluble in water, but it dissolves 
freely in ether. If this solution be rubbed over the 
skin of a pereon in a dark room, his appearance becomes 
extremely ghost-like, because the ether evaporating 
leaves the phosphorus, witli its peculiar glow. 

3, Its chemical ^operties. — Fliosphorus combines 
most readily with oxygen, I'rom a piece of the solid 
exposed to air, white fumes are continually falling, 
which consist of a compound of phosphorus and oxy- 
gen. A gentle heat — that of the fingers handling it is 
often enough— causes it to burst into violent combus- 
tion, forming the fumes in great abundance. On this 
account the element must be kept under water, and it 
should be held under water when cut, lest the friction 
of the knife set it on fire. The pieces to be used should 
be afterward dried by gentle pressure between layers 
of blotting paper. There is, however, an allotropic 
form of phosphorus, called red phosphorus, which will 
not produce tlie phenomena of combustion under a 
temperature of 260° 0. {500° F., Brando & Taylor). 
Experiments with tliis variety are, of course, far less 
dangerous than with the common form. Sticks of the 
solid, exposed to liglit, gradually change to red phos- 
phorus. 
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This element is a violent poison ; even its vapL 
inhaled, will cause wasting disease. 

Large qiiuntities of phosphorus are nsed in the manu- 
facture of friction matches : sulphur is also used. Fric- 
tion sets fire to the phosphorus, the bni-ning phosphorus 
inflames the sulphur, and this, iu tuni, ignites the 
wood. 

(29.) Arsenic is found in nature, chiefly associated 
■with the metale. It is a brittle solid, of a steel-gray 
color, forming compounds remarkable for their poison- 
ous effects. 

1, Arsenic in nature. — Arsenic sometimes oeenrs in 
the earth uncombined with other substances ; but gen- 
erally it is found as an oxide or a sulphide, mixed with 
similar compounds of the metals. "It was at one time 
supposed that arsenic entered into the composition of 
the flesh and bones of animals as a normal constituent, 
but it has been clearly proved that it is never found in 
the tissues, either of animals or vegetables, except when 
it has been introduced into them by accident or de- 
sign." — (Brande & Taylor.) 

2, Its physical properties. — Arsenic is a very brittle 
solid, in appearance mncli like metals. It may be 
sublimed by heat, that is to eav, it may be changed from 
the solid to the vapor state, directly, without melting. 

3, Its che?nical properties. — Heated in the open air, 
arsenic rapidly combines with oxygen, and even on 
simple exposure to air it torms an oxide. With some 
of the metals it forms arsenides. Owing to the criminal 
use of its poisonous compounds, this element has been 
most thoroughly and successfully studied. Some points 
of iulere^t will be given further on. 
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(30.) Nitrogen, described in an early part of our 
coarse, phosphorus, and arsenic are trivalent elements. 
Other eliemieal relations also rank tbem in the saiiio 
natural group. 

1. They are trivialewt. — The compounds of these ele- 
ments with hydrogen have the following symbols : — 

H,:N" H3P HjAs, 

from which we learn that an atom of each can hold 
three atoms of hydrogen in combination. These three 
compounds are gases. With the firet, ammonia, we 
are already acquainted. The second, cominOnly called 
pbospbui'etted hydrogen, instantly takes fire, with ex- 
plosion, on coming in contact with air. It is a dangei-- 
oue and unimportant eompoiind. The third, commonly 
called arseninretted hydrogen, is a combustible gas, to 
be mentioned when describing tests lor the presence of 
arsenic. 

2. Other chemical relations. — The complete analogy 
in the composition of the compounds of these elements 
may be seen by studying the following symbols (Eliot 
& Storer, page 285) : — 

Wj 0, N, 0^ Nj O5 N CI3 ij) 

Pa O, .... r, O, P 0], P, S3 P, Ss 

A8,0, .... As,Oo AsCls As^Ss As^Se 

The arsenic sesquioxide (Asj O3) is the common 
" arsenions acid " or " white arsenic," — the well-known, 
poison. It is a white solid, slightly soluble in water, 
with which it forms an acid, and this acid combines 
with metals to form arsenites. These, also, ai-e violent 
poisons, and yet some of them are used quite largely in 
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calico printing and as pigraenta. Green wall-papere, 
many of them, have been colored with copper avsenite, 
well known as Schoele's green : they are not to be re- 
commended. 

The most mionte traces of arsenic poison may be de- 
tected by a competent chemist ; some of his tests may 
be studied with interest. (See Eliot & Storer'a Oliem., 
p. 252.) Tliat known as Marsh's test is very delicate 
and sure. It is applied by means of the apparatus 
shown in figure 28. Into the bottle A are put ^ure 
zinc, water, and sulphuric acid for the evolution of 




liydio^en gas The liquid supposed to contain the 
poisnn ma;y be after^vard poured through the funnel 
tube. The gas formed in the bottle, passing through 
the bulb, J, loses a part of the water cained over with 
it, and going over calcic chloride in c, it is thoroughly 
dried. It finally escapes at the pointed end of the tube, 
d. After the air of tlie apparatus baa been all driven 
out by the stream of gas, the hydrogen may bo burned 
as it issues. 

How, if the liquid contain arsenic, there is at once 
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foi'ioed ai-SGiiiurctted liyOrogen (K3 As). The color of 
the fliiTiie turns to a livid hue, and soraetimea gives off 
white fumes of arsenioua acid. But now comes the de- 
cisive test. A cold, clean, white porcelain surface is 
held in the small flame for a moment ; metalUo arsenic 
condenses on its surface, if the poison is present, and 
when cold, appears a hlackish-hrown stain, with a bright 
metallic luster. The substance of this stain may be 
still further tested, until the last doubt of its cliaracter 
is removed. 

The experiment is varied by applying heat to the 
middle part, o, of the small tube. The arseninretted 
hydrogen, if present, wili be decomposed and the me- 
tallic arsenic will lodge upon the inside surface of the 
tnbe, forming a brilliant, mirror-like ring. 

This is only one of many tests by which, taken to- 
gether, the chemist can pronounce upon the presence 
of arsenic with absolute certainty, 

IV", THE QtJADKR'ALBNT NON-METALS, OE THE OARBOS 

GROUP, 

(31.) Silicon, next to oxygen, is the most abundant 
element in nature. It is a solid, very infusible, and 
very insoluble. Like carbon it occurs in three allo- 
tropic forms. 

1. Sildoon. — This element is found only in combi- 
nation. With oxygen it forms silicic acid, or, as it is 
commonly called, silica (Si O3). This compound is one 
of the most abundant substances in the earth. The 
beautiful opal and amethyst and other gems are almost 
pure silica: so is the more common rock crystal or 
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quartz, while tlie sand of the sea-sliore and every va- 
riety of sandstone rook are the impure forms of the 
same substance. 

Silica is also an important constituent in organic 
bodies. It gives strength to the stalks of grains and 
grasses, while it constitutes the skeleton of whole 
ti'ibes of some of the lower orders of animals. 

Silica is used largely in the manufacture of glass. 

(32.) Glass is made from silica and the bases, pot- 
ash, soda, lime, and others, according to the variety 
required. These materials being intensely heated, 
melt into a transparent pasty mass, portions of which 
may be taken from the furnace and blown or molded 
into the different forms in which glass articles are 
made. These articles being afterward annealed are 
ready for the market. 

1. The materials.— In all true glasses silica is one 
constituent. This substance exists in almost pure form 
in flint, agate, and qnarta, while all varieties of sand 
consist of tlie same in various degi-ees of purity. Flint 
was formerly used in tlie manufacture of glass; hence 
the name, _fimt glass, which one variety still retains. 
Sand is now the more general source of silica, great 
care being used to select a pure material. 

Potash, soda, and lime are the most important bases 
used with the silica ; but besides these, plumbic oxide 
(oxide of lead) and oxides of tin and manganese ai-e 
often used. 

2. The varieties of glass. — Tliere are several varie- 
ties of glass, among which we will notice four, viz. : 
green bottle-glass, Bohemian, window-glass, and flint- 
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Green bottle-glass is made of cheaper s 
material than any other yariety. Its bases are more 
nameroHB ; oxides of iron and manganese are among 
them, and to the first of these the glass owes its famil- 
ial- color. 

Bohemian glass ie made from purer material than 
bottle-glass, and care is taken to have it free from 
color. Its bases are potash, limo, and manganese. 
Its lightness, the absence of color, and its power to 
stand high heat and sudden changes of temperature, 
make it very valuable for chemical purposes. 

Window-glass consists chiefly of silica, soda, and 
lime, 

Flint-glass consists chiefly of silica, potassa, and 
plumbic oxide (Pbj Oj). This very beautiful variety of 
glass, sometimes called crystal glass, is chiefly made 
into Bijch articles of domestic and ornamental use as 
tumblers, decanters, wine-glasses, and vases. It is 
very transparent, and refracts light powerfully: on 
this account it is valuable for lenees, and other optical 
instraments. 

3. The melting, — The raw material is heated in pots 
made of the pnrest and most infusible clay, and set in 
a conical furnace. "When the heat is sufficient, the 
silica with the bases form silicates. lu the case of win- 
dow-glass, for example, the silica, soda, and lime form 
sodtG and oalcie siUoates. The compound of these sili- 
cates is a transparent half-fluid or pasty mass of glass, 
ready to be wrought into any desired form. 

4, T/te Uowing. — By means of an ii-on tube four or 
five feet long, the workman takes out of the furnace a 
portion of the pasty and adhesive glass. He gives it 
regular shape by rolling it upon a smooth hard s 
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and makes it hollow hy blowing air tlirougli the tii!)G, 
By keeping the tube in constant rotary motion while 
he blows, the bulb is enlarged into a globe ; or if, at 
the same time, he swings his tube, pendulum like, a 
pear-shaped flask is made. 

Some idea of the interesting process of making win- 
dow glass may be gained by studying the following 
cuts found in Muspratt'e Applied Chemistry. In Fig. 




29 some of the first stages of the process are shown. In 
front of each opening of the furnace is a stage, built 
over a pit about ten feet deep. Upon these stages the 
workmen stand. The ball of glass having been taken 
from the furnace, the workman blows tlii-oiigh his pipe, 
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while lie at the same time skillfully rotates it i 
hand and swiugs it backward and forward, 
below his feet, sometiines over hia head, until he has 
lengthened and enlarged it into a ejlinder with uni- 
form sidea aa long as the pane of glass is expected to 
l>i;. Tiie ends of this cylinder are then cut oiF, and a 
slit IS mtde ilong one bide It is afterward placed 
rig 80 npon a smooth and even stone 

Bplite, and heated in an oven. 
Aa the glass softens, thu work- 
[■iu, with an iron i-od, presa- 
i the sides of the cylinder 
open (see Pig, 30), and finally 
mooths it ont npon the flat 
HI tace of the stone. It is then 
a ^ine of glass, needing only 
B carefully cooled. 
6. The annealing. — Annealing is a process of slow 
cooling. Alt articles of glass must he annealed. Fur 
this purpose tliey are placed in hot ovens, whose tem- 
perature grows gradually less, until, at the end of four 
or five days, they are quite cold. The process is neces- 
sary, because, if glass is cooled suddenly it becomes 
exceedingly brittle, and will sometimes break even 
without apparent cause ; but, when slowly cooled, it is 
able to stand much pressiire and sudden blows. 

"Considered only with reference to its application 
in the study of natural phenomena, it is impossible to 
doubt tile singular influence glass has exerted on the 
progress of science. It is chiefly by its aid that astrois 
omy has attained a perfection so wotiderfu! ; by it, 
also, naturalists have been enabled to study under the 
microscope a liost of phenomena which before c 
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notice. But perhaps of still greater iiiiportaiice is the 
oae made of it by chemists in their experiments. It re- 
quires no protbund cheniieal knowledge to recognize 
the fact that to glass is cliiefly owing the present ad- 
vanced state of the sciences, so fruitful in marvelons 
application." 

(33.) Carbon, described in an early part of the work, 
and silicon, are CLnadrivalent elements. Other properties 
rank them together as membei'S of the same groop. 

1, They are quadrivalent. — One atom of carbon can 
hold four of hydrogen in combination : one of silicon 
can do the same. The symbols of these compounds are 
C III and Si H^. Carbon forms a host of other com- 
pounds with hydrogen, somo of which will be noticed in 
due time. 

2. Oike?- pro^rties. These two elements have each 
three allotropic fonns. The cojnmon form of carbon 
is charcoal: its crystalline forma are graphite and the 
diamond. So the common form of silicon is a dark- 
colored solid, which may be clianged to two crystalline 
forms, like graphite and diamond. 

Both these elements are very hard, very infusible, 
and able to resist the action of chemicals in greater de- 
gree than most others. 

(34.) The componnds of carbon are more nnmerous 
than those of all other elements taken together. Many 
of them are very complex in composition. They are, 
for the most part, constituents of, or products from, 
organic bodies. For these reasons tliey have usually 
been studied by tliemselves, in what is called Organic 
Chemistry. 
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1. The compounds of carbon. — One componnd of this 
element, eai-bonie dioxide (C Oj), has been described. 
Another, the carbonic oxide (0 0), iaa colorless and 
very poisonous gas. It bums with a blue flame, which 
most of US have noticed playing over the surface of a 
freshly made coal lire. 

But it is to the eomponnds of carbon and hydrogen 
tliat special attention should be given. 

Marsh gas is the common name of one of these. 
Who has not seen bubbles of gas rising through the 
water of stagnant pools I In this case marsh gas has 
been produced by the decay of dead leaves, or other 
organic matter, and its name comes from the fact of its 
occurrence in such places. This same gas collects some 
times in mines, and, by explosions of which we have all 
heard, now and then extinguishes the lamps and the 
lives of the miners. On this account it has also been 
ca\\fiA fire-damp. Its symbol is C H^ and the chemist 
calls it methyl hydride. It is an important constituent 
of illuminating gas. 

Olefiam,t gas is another compound of carbon and hy- 
drogen, whose composition is shown by its symbol 
Cj H4. The chemist calls it ethylene. It burns with a 
bright flame, being the most luminous constituent of 
illuminating gas. Mixed with air it explodes violently. 
Explosions of ilhiniinating gas now and then occur 
with exceeding violence : life is destroyed and build- 
ings ruined by them. 

2. A.re very rvurnerous. — A multitude of these com- 
pounds of carbon are already known, and new ones 
are all the time being brought to light. That some 
idea may be formed of this peculiarity, glance at the 
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following symbols of a pai-t of only tlircii series. 
Eliot & Storer, p. 313.) 



Petroleum Series. 


Deatmctivo Distillation 
Series. 


Cool Tat St 


OH. 


OH, 


C.II. 


C,H, 


C,H, 


C,1I. 


O.H. 


C.H. 


C.II,. 


O.H„ 


O.H, 


C,H„ 


C,A„ 


0=H„ 




O.H„ 


C.H„ 




C,H„ 


C,H„ 





All the members of the firet series, together with 
many others, may be obtained from petroleum. Na- 
mei'oiis other series might be named, and thcii- mem- 
bers, together with other compounds formed by the 
union with them of two other elements, oxygen and 
nitrogen, may be counted by thousands. 

3. Many of them very eom^lex. — The molecules of 
these compounds are often made up of a great nnm- 
ber of atoms. In this respect they form a striking 
contrast with others which we have examined. !For 
example, compare sulphuric acid, H^ S Oi with the pow- 
erful poison strychnine, CjiHsaNsOa. The molecule 
of the first contains seven atoms, while that of the sec- 
ond contains forty-seven. 

4. Found m organic bodies. — Plants and animals 
are organized bodies. Their bodies have been nour- 
ished and enlarged by means of food taken into and 
distributed throughout tlieir interior. The plant, by 
means of certain organs, receives the sap into its roots 
and sends it to every part. Every leaf and stem is 
built of substance from this sap, and from the air. The 
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animal takes its food, converts it into Mood, distribiitea 
it to the moat minute iibei-s throughout, and every part 
of its body is built from material tlius furnished. 

Every distinct part of these bodies is also organized : 
the leaf, the twig, and the teiidril are organized bod- 
ies ; and bo are the hairs, the claws, and the tissues of 

These organized bodies consist almost entii^ely of the 
compounds of carbon and hydrogen, oxygen and nitro- 
gen. Sugar (0,3 H^ 0„), starch (C, H,o O5), and alcohol 
(CjHeO) are three among the thousands of substances 
which the chemist is able to get by decomposing oi'- 
ganic bodies. Such compounds may be called organic 
'subatanees in distinction from oi-ganized hodies from 
which they are obtained. 

Now, nature seems to have fixed a dividing bari'ier, 
which the chemist may not pass, between organic sub- 
stances and the organized bodies which they form. 
The chemist can, by synthesis, make a few of the sim- 
plest organic substances, and lie has good reason to 
believe that, even the most complex are produced by 
chemical force governed by the ordinary laws of com- 
bination. But, on the other hand, the simplest organ- 
ized body, althongh it consists of the same elements, is 
entirely beyond his reach : he can not make a single 
cell. By what chemistry the leaf and the flower are 
made, lie does not know. His laboratory teems witli 
elegant crystals whose growth he has himself guided ; 
but his garden is filled with still more delicate forms, 
the secrets of whose chemistry are known only to the 
Divine Chemist who made the earth and the sun and 
all that they contain. 



Healed byGoogIc 



II, TiiE Metals. 

(35.) The metals also may be grouped accorditig to 
quantivalence; but in this case &nbEtnnces woiitd often 
be tlirown together having few points of resemblance. 
It will be better for our purpose to group them into 
classes, in which tlie members have certain general 
charaetei"s in common. 

1. Tlie metals. — The peenliavities of metallic elements 
are more or less familiar. Tlieir luster, as of silver; 
their malleabilily, as of gold and zine ; i\iG\r ductility, 
88 of iron and copper; together ivith their power to 
conduct heat and elcctriciry, are their most character- 
istic properties. One or more of these properties are 
possessed by some non-metals, and, on the other hand, 
Bomo metals have them only in a slight degree. Indeed, 
natnre seems to have drawn no decided line of division 
between the two classes. Certain elements, arsenic and 
antimony for example, are sometimes classed witli 
metals, but oftener now with non-metals; while even 
hydrogen, because of its chemical relations, is thought 
by some to be a metal. 

The metals, with one eseeptiou — mercury, are solids 
at ordinary temperature. Some are easily melted, as 
potassium, at 62° 5 (144° 6 F.); others melt with 
difficulty, as iron at 1 ,600° C. (2,912° F.) ; while others, 
like platinum, melt only in the intense heat of the oxy- 
liydrogen blow-pipe. 

Iridium is the heaviest of metals, 21.8 times heavier 
than water; others, as potassium and sodium, will float 
on the surface of water; lithium being the tightest of 
all. (Sp. gr. .593.) 
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A fow metals, copper and gold for example, are found 
in nature in the metallic state : this condition is com- 
monly called native. But iu the native state they arc 
seldom pure : two or more are combined. Combina- 
tions of metals are called alloys. They are, liowever, 
usually found combined witli non-metals, and such 
compounds are called ores. 

2. Their olassijwation.—ln tlie following table tlie 
metals are classed so as to bring together those which 
most closely resemble each other. Many of the metiila 
are rare and not important to the general student; 
others are of the greatest use and iiiteiest. Of these 
last the names are printed in capitals, and to the descrij>- 
tion of them we are to pay the more partit;nlar atten- 
tion. 



ALUMINUM. 

Gluciniim, 

Cerium, 



Yttrium, 
Eibium, 

Diilymin 



IRON, 

Manganese, 
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Vanalium 


Timgstan. 


Arsenic, 


Aatimoay 


Bismuth. 


LEAD, 


X.— I'HE aaVEB CLASS. 


Tliallium, 


COPPER, 


MEECUET, 


SILVER. 


GOLD, 


Ehutenium, 


Osmium, 


PLATINUM, 


Iridium, 
Rhodium. 


Palludium, 



(36.) The metals of the first class are very soft and 
light, having so violent an attraction for osygen that 
they can decompose water at any temperature. They 
are univalent. The metals themselves are of little use, 
but many of their compounds are of great value in the 
arts. 

1. Illustration of these dass j>roj>erties. — A piece of 
potassium or of sodium may be molded in the lingers 
like wax, and if dropped upon water it floats. 

Upon a piece of ice place a small fragment of potas- 
sium : a pui'ple flame springs up, as if the ice had been 
set on fire. A smart explosion nsuallj' ends the ex- 
periment ; and if we then examine the water that is left 
in the cavity of the ice, we find it to contain potassic 
hydrate (potash). So strong is the attraction of this 
metal for oxygen that it decomposes water, even at the 
temperature of ice. This is true of the other memtera 
of the group. 
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It' we study the reaction taking place in the experi- 
ment, we shall see that the metal is univalent. Thns : — 

H,0 + K = IIKO +U. 

One combining weight of potassium has simply re- 
placed one of the two combining weights of hydrogen 
ill water. A similar reaction would occur with the 
other members of the group. Tlie potassie hydrate 
formed is an alkali; the other hydrates of the groiip 
are also alkalies. They differ from most other metallic 
hydrates in their power to withstand heat : heat alone 
will not decompose tliem. 

(37.) Potassie hydrate is much used in the arta It 
18 obtained by decomposing potassie carbonate by calcic 
hydrate. The potassie carbonate is also of much im- 
portance in the arts and manufactures: it is obtained 
by leaching the ashes of pJante, 

1. Manufacture of potassie ca/rbonate, — The ashes 
of wood, mixed with about iive per cent, of lime, aro 
placed in tubs and drenched with successive portions 
of fresh water. As the water soaks through the ashes, 
it dissolves out the soluble constituents, among whicli 
is the potassie carbonate. The solution, called lyn, is 
put into broad and shallow pans, and evaporated. The 
solid residue is called crude potash. By stroi^ly heat- 
ing this substance, much of its impurities may be 
driven off: the purer carbonate remaining is called 



A pure salt may be obtained by dissolving the pearl- 
ash and then letting it crystallize. The salt crystallizes 
while the impurities are still in solution : at this poitit 
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tlie fluid is drawn off and the crystals left. The symtol 
of the pure substance is K^ 0^. 

2. Preparation of potassio hydrate. — Pot-assic Iiy- 
drate (H K O) is obtained hy boiling a sohition of tiie 
carbonate with slaked lime (Ha Ca O9). A reaction 
oecnrs, in which the potassium of the carbonate is sub- 
stituted for the calcium of the calcic hydrate, or slaked 
lime, and hy this action potassic hydrate is formed, 
which remains in solution, while the calcic carbonate 
produced falls to the bottom as a heavy powder. 

The clear solution is afterward evaporated to dry- 
ness, and the solid hydrate is then fused and rnn into 
molds. 

Potassic hydrate is very soluble in water, and has a 
strong affinity for carbonic acid. It greedily takes both 
these substances tVom tlie air, until at length the entire 
mass of hydrate is changed into a sirup of the car- 
bonate. To indicate this property of dissolving in 
water absorbed from the air, the term deliquescence is 
used. 

(38.) The most familiar coniponud of sodium is sodie 
chloride. By tlie action of suiphuric acid upon this 
chloride, sodie sulphate is formed, and this, by the 
action of caj-bon, is changed to sodie sulphide; and, 
finally, the sodie sulphide, by the action of calcic car- 
bonate, is changed into sodie carbonate. The produc- 
tion of sodie carbonate is one of the most important 
branches of chemical manufacture. 

1, Sodie chloride. — Sodie chloride, so well known as 
common salt (NaCl), is everywhere abundant. In 
many parts of the world it oeeui's in thick beds, from 
which it may be mined. Large quautilies ai'o obtained 
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by evaporating tlie water of salt springs, while im- 
mense quantities in solution give its characteristie salt- 
n ess to tlie sea. 

The uses of this substance are important : not among 
those least important is its use in the raannfacture of 
the other sodium compounds, especially of sodic car- 
bonate. Enormous quantities of sodic carbonate are 
used in tlie arts of bleaching, soap-raakiug, glass-mak- 
ing, and others. The several processes in its manufac- 
ture are as follows : — 

2. Sodic chloride changed to sodia sulphais. — When 
salt is heated with anlphurie acid in a reverberatory 
furnace, mutual decomposition takes place, and sodic 
sulphate with hydrochloric acid are formed. This may 
be understood by the equation, 

2 Ka CI -f H, S Oi = Xa^ S 0, + 2 H 01. 

The Bodic sulphate thus formed is valuable, aside 
from its nse in making the carbonate. It is well known 
under the name oPQlauler salts. In the manufacture 
now being described it is called salt cahs. 

3. The sodic sulphate changed io sodic sulphide. — 
When sodic sulphate is decomposed by carbon, the fol- 
lowing reaction oceui-s : — 

Nas S Oi -h 4 C = Na, S + i C 0. 

Sodic sulphide and carbonic oxide are prodnced. In 
the manufacture of sodic carbonate, the sulphate, with 
Binall coal and chalk, or limestone (calcic cai-bonate), 
are thoroughly mixed and melted together in a furnace. 
The above reaction takes place. 

4. The sodie sulphide changed to sodic carbonate. — 
The sulphide formed by this reaction is at once changed 
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by the calcic carbonate according to the following 
equation : 

Na^ S + Oa O3 - Naa O3 + Ca S. 

Sodic carbonate and calcic sulphide are formed. 
The mixture has a blackish-gray color, and is called 
Maok ash. 

The black aeh is afterward thoroughly leached ; 
during this process tlie water dissolves out the car- 
bonate, but leaves the sulphide; and then, finally, the 
solution is evaporated to dryness: the residue is the 
crude eodie carbonate of commerce, generally known 
as soda ash. 

(39.) Ilydrosodic carbonate (bicarbonate of soda) is 
obtained by exposing sodic carbonate to the action of 
carbonic acid. Its symbol is H Na O3. This is the 
substance familiarly known as "soda," and used so 
commonly instead of yeast in bread-making. It is used 
in medicine: it is also mucli used in making effervee- 
cing drinks. 

(40.) The metals of the second class are bivalent. 
They form carbonates which are not soluble in water, 
unless it contains carbonic acid: in this respect they 
differ from the metals of the first class. The metals 
themselves are of little use, but some of the compounds 
of calcium and barium are of considerable importance. 

1. Illustrations of thene class properties.— The metals 
of this class, like those of the first, decompose water at 
all temperatures, but the reaction is somewhat different. 
Suppose calcium is used for the purpose, then : 

H, + Ca = Ca O -f H,. 
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Observe that one combining weight of calcium re- 
places the two combining weights of hydrogen in 
water. This illustrates the bivalent character of cal- 
cium; the other members of the group are also biv- 
alent. 

The calcic oxide (lime), shown in the reaction just 
given, combines with water to form the calcic Iiydi'ate 
(slaked lime), which is very slightly soluble in water, 
forming lime-water. 

The oxide is made on a large scale, to be used in 
forming mortal' and cements, so valuable in building. 
Limestones are mixed with ccal ind burned in kilns. 
The carbonic acid of the li est ne dr en off by the 
heat, and the other conatit ent 1 me r as it is often 
called, fuicMime, is left, Bt !1 n tl e Jo m of hard and 
compact stone. In contact ith ater tl e stone swells, 
grows intensely hot, and n bles t powder. The 
slaked lime thus made is mixed with sand to form 
mortav. 

The members of this group form carhonates. Lime- 
stone and marble of every kind are chiefly the calcic 
carbonate. These compounds are not soluble in water 
unless it contains carbonic acid. They then disappear, 
because they combine with the acid and form hydro- 
carbonates (6j carbonates), which are soluble. The 
formation of stalactites is a beautiful illustration of this 
action. Water, charged with carbonic acid, flowing 
through soil and over rocks where limestone is abund- 
ant, dissolves this substance. Finding its way to 
caverns, it falls drop by drop from the roof. Exposed 
to the air, carbonic acid evaporates; the wafer can no 
longer hold the carbonate in solution, but deposits it 
wherei'er it rests. Drop by drop, for a moment ciing- 
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iiig to the roof, loaves its inite of carbonate behind, un- 
til pendant ma^es, like icicles, sometimes of curious 
shape and beauty, arc formed. Tlie carbonate left, 
at the same time, on the bottom of tlie cave is called 
Btalagmite. 

(41.) Aluminum is the most importaut metal of the 
third class. The others are rare, even as specimens in 
a chemist's cabinet, and of no practical importance. 

1. Aluminum. — This metal has a combination of 
properties which renders it one of the most interesting 
in the whole series. It has the hardness and luster of 
silver, and since it does not tarnish when exposed to 
air and vegetable acids, it would seem to be fitted for 
the practical uses to which silver is put. It melts only 
at a high temperature, and may then be cast into any 
desired form. This, together witli its malleabilitj, 
ductility, and tenacity, would enable it to replace iron 
for many purposes, while its lightness (density 2.56) 
and beauty give it advantage over that metal. 

In connection witli these valuable properties we find 
that aluminum is one of the most abundant elements in 
natare. It is a constituent of clay and marl, of slate, 
and indeed of most rocks and soils. It must consti- 
tute about one-twelfth of the solid parts of the earth. 

But no cheap method of esfa-acting the metal is yet 
known, and the expense stands in the way of its appli- 
cation in the arts. It is now manufactured on a com- 
mercial scale in England and France, and it has been 
used for ornamental work and for optical purposes to 
some extent. 

(42.) Of the fourth class zinc is the most important 
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metal. The metals of this class are alike fusible at 
quite low tciHperatures, volatile at temperatiirea not 
exceeding a bright ved heat, and combustible when 
heated in the air. They are bivalent, and form, each, 
but one oxide, chloride, and sulphide. 

1. ^'«c. — Zinc hlende (a sulphide), calamine (a car- 
bonate), and the red oxide, are the substances contain- 
ing zinc, found most abundantly, and from these the 
metal is extracted. When either of the first two are 
used, it is first roasted, that is, heated in presence of 
air. By tliis means it is changed to the form of oxide. 
Mixed with coal, the oxide is then heated in a close 
vessel having an iron tube reaching over into a cold 
receiver. This oxide is decomposed, and its zinc, in 
the form of vapor, goes over to be condensed in the re- 
ceiver. 

At low temperature zinc ia brittle ; heated to about 
200° C (393° F.) it is also very brittle ; but between 
these extremes (130° C.) it ia malleable, and is rolled 
or hammered into thin sheets for various nses. 

Zinc is not easily acted upon by air, and on this ac- 
count it is sometimes used as a coating to protect iron 
from rust. Iron covered with a thin coating of zinc is 
said to be gal-oanised. 

2. Illvsirationa oftJie class properties. — The melting 
points of these metals are comparatively low : of zinc 
at 433° 0, of magnesium a little higher, and of cad- 
mium a trifle lower. 

Heated to a bright red heat m gnes n s cl i g d 
to vapor ; at a low red heat cad i a^ o z ind 
zinc at a temperature between tl ese extie e 

At a red heat iu the air tl ese et^ls b C d 
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mium gives the vapore of its oxide ; zinc with a blue 
flame, ibrming cloiids of vapor, and magnesinm with a 
flame of most dazzling brightness, sometimes nsed as u 
source of liglit in photography and in optical experi 
ments. 

At high temperatures they decompose water and 
form oxides. In this reaction one atom of metal re- 
places two of hydrogen, and forms an oxide with the 
one atom of oxygen, and lience they are bivalent. 

(43.) Ii-on is the most useful metal in the fifth class. 
The membere of this class melt with diiSculty, and are 
not vaporized by tlie heat of an ordinary furnace. They 
are bivalent and form several oxides, sulphides, and 
chlorides. 

1. Iron. — ^Ture metallic iron is of very I'are occur- 
rence in nature. The metal is found, however, in great 
abundance in combination with non-metals ; its oxides 
and its snlphides being the most common forms. The 
magnetic oxide occurs in large qnantitiesin many parts 
of the United States, and is used extensively in the 
manufacture of the metal. It ia the ore from which 
the best " Swedish iron " is also made. In England, 
an impure carbonate, called m-giUa,eeou8 iron ore, is 
chiefly used. The iron of commerce occurs in three 
forms — cast-iron, wrought-iron, and steel. 



A. — Cast-iron is a compound of iron with small and 
variable quantities of carbon. It is obtained from the 
ores by heating them in a blast furnace. 

a. The Uiibt furnace. — The conBtrnctiou of the blast 
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furnace may be understood from Fig, 31. Tlie inte- 
rior has the sliape of a double ooiie. It is built of the 
most infusible firehriclf, and inclosed in solid masonry. 
It is very large, perhaps fifty feet high by fifteen feet 



f, 



r^ 




in width at its widest pirt The bittom \a closed, and 
the air needed for the iire is ioiced bj eteara-engines 
through pii>es, T Tlie hiel ind the oie, with broken 
limestone or other jfui aie put lu at the top, the metal 
is drawn off at the bottom 

h. The process — llie ote, if necessary, is first roasted, 
by which it is changed to the toi m of 01 tde The oxide 
mixed with fuel and flux ^fiUa the furnace. The fire 
having been started is kept up by the blast of hot 
air (ft cold blast sometimes), driven by the engine. 
"Where the blast first touches the burning fuel, car- 
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iconic acid is formed ; tiiis gas, with nitrogen, riding 
through the furnace, comes in contact with white hot 
carbon, and is reduced to carbonic oxide. The layers 
of solid material thrown in at the top of the furnace 
gradaally siuk down, and as soon ae a stratum of ore 
has gone far enough to be heated by the hot mixture 
of nitrogen and carbonic oxide, it beeoines reduced to 
epongy metallic iron, which, mixed with flux and the 
earthy impui-itios of the ore, settles down to hotter 
parts of the funiaee, where it enters into a fusible com- 
bination with carbon, while the flux and earthy impu- 
rities melt together to a liquid slag. The liquid earbu- 
retted iron settles to the very bottom of the furnace, 
whence it is drawn out at intervals through a tapping- 
hole, which is stopped with sand when not in use," 
(Eliot & Stoi-er, p. 537.) The melted iron drawn from 
the tapping-hole is run into rough molds of sand, 
where it cools. This is the cast or pig iron of com- 

n, — WROUGHT-IEOir. 

B. — Wrought-iron is nearly pure iron, but etill con- 
tains a very small proportion of carbon. It is obtained 
generally from cast-iron by burning out its carbon in 
a reverberatory furnace. 

a. The reverberatory fwmace. — A section of a re- 
verberatory furnace is shown in Fig. 33. The cast-iron 
is placed at D upon the hearth. The fire, A, is sepa- 
rated from the hearthby a wall of firebrick. The roof is 
arched downward to the chimney, which is forty or 
fifty feet high, t« cause a strong draft, 

h. The process. — ^Flame and hot gases from the fire 
striking against the arched roof, are reflected down 
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Upon the cast-iron. In a little time the iron begins to 
melt. When it has been all reduced to a i>ii8tj state 
the furnaceman unstopa an opening [B), throngli which 
he pnts his paddle. By thoroughly stirring {pud' 




) the paBty nuu:?, all parts are hrotight in contact, 
with the hot air, during which a part of ita impurities, 
in the form of slag or eeoria, is allowed to rnn oif, while 
its carbon is burned and its gas escapes to the chimney. 
The metal is then formed into balls; taken from the 
furnace; pressed or hammered to remove the remaining 
scorife ; and then rolled into bai's or other forms of 
wrought or maUedhle iron. 



in.— STEEL. 

C. — Steel isalsoa compound of iron and carbon, con- 
taining less carbon than cast-iron, but more than 
wrought-iron. It is madefrom cast-iron by bnrning out 
ita carbon, or from wroiight-iron by adding carbon to it. 

a. From. cast-iron-^^vQm two to six tons of east-iron 
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wlien melted is rnn into a large globnlai" vessel, built 
of the moat infusible substance. Numerous holes in 
t!ie bottom of this crucible allow a strong blast of air 
to bubble up through the melted metal. A most violent 
combustion follows, the heat of which keeps the metal 
in a fluid state, while its carbon and a part of the metal 
itself are bm'ned to oxides. Too much carbon is,'by 
this process, removed, and a quantity of cast iron is 
added to restore carbon enough, to change the whole 
mass into steel. The crucible is then tipped upon its 
pivots, and the melted steel rnn off into molds. Less 
than half an hour is enough to change these tons of 
cast-iron into cast-steel. The process is of comparatively 
I'ecent date, and is known as the Bessemer process." 

J. Ffom. wrong ht-iron. — The older method of pre- 
pai'ing steel is called "cementation." Bare of wrought- 
iron, imbedded in charcoal and inclosed in boxes from 
which air is very carefully excluded, are heated to 
redness, and kept in this condition for several days. A 
curious and obscnre chemical action goes on, by which 
these two solid substances unite, — the carbon peneti-at- 
ing and combining with all parts of the iron, and thus 
changing it to steel. To make its composition uniform, 
this " blistered steel," as it is called, is melted and cast 
into ingots. The best quality of steel is made by this 
process. 

2, Illustrations of the class properties. — All theother 
metals of the class more or less resemble iron both in 
physical and chemical properties. It needs the intense 
heat of the furnace to melt iron ; the same is trne of the 
others. Even at so high a temperature iron does not 
volatilize; neither do the others. Iron is generally 
bivalent, but sometimes quadrivalent; so are the rest, 
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with the possible exception of indium, which is only 
known to be bivalent. 

(44.) Tin is the useful metal of the sixth class. The 
other membei-s of the group resemble tin in their chem- 
ical properties. They are rare and unimportant, 

1. Tin. — Tin is not an abundant element in nature, 
and 3'et it is one of the metals longest known to men. 
The mineral called tinstone (etannic oxide), is the chief 
source of the metal. Mixed with powdered coa! and a 
little lime, the ore is spread upon the hearth of a rever- 
beratory furnace. The carbon takes the oxygen from 
the ore, and the melted metal is run off into iron 
molds. 

In color tin resembles silver. It is soft, malleable, 
and ductile. 

Tin does not easily lose its luster by exposure to air, 
and on this account it is largely used as a covering for 
other metals: common tin-ware is made of sheet-iron, 
covered with a thin coating of tin. 

(45.) The three metals of tlic seventh or tungsten 
class are all of rare occurrence, and of too little practical 
importance to be of interest to the general student. 

(46.) The metals of the eighth or arsenic class in 
many respects resemble the non-metals of the trivalent 
group. They form the junction between the noti- 
metals and the metals. Arsenic and antimony are in- 
teresting on account of the poisonous character of their 
compounds, and bismuth is used to some extent in 
alloys. 

1. lUuKtrations of the class proper ties.— Arsnuia has 
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been already described as a non-metal, and its relation 
to nitrogen and phosphorus pointed out. On the other 
hand it is related to antimony and bismuth whose 
metallic charaeter is move decided. 

Like arsenic, antimony combines with three atoms 
of iiydrogen to form a combustible gas. Treated in 
Marsh's apparatus, it also forms a stain upon white 
porcelain, or a metallic mirror in the tube. So great 
is the resemblance between the stains of antimony and 
ai-senic, that care is to be used not to confound the two 
metals in the test. Tlie antimony stain is known by 
its more feeble luster, its blackness, and the high heat 
needed to volatilize it. 

Bismuth forms oxides and chlorides whose composi- 
tion is analogous to those of arsenic and antimony. It 
is trivalent like the others. 

The meta! itself is of a reddish hne and, like the 
other two, very brittle. It melts at 264° 0. (507° F.), 
and, wiien cooling, it crystallizes and expands. 

With other metals bismuth forms alloys remarkable 
for the low temperatnre at which they melt. Its alloy 
with lead and tin {2 parts Bi., 1 of Ph., and 1 of Sn.) is 
called "fusible metal;" it melts at 93° 7 C. (200° F.). 
This alloy is used for taking casts from medals and 
dies ; on cooling, it expands, and, filling every crevice 
or line of the die, makes a most beautifiil and faithful 
copy. 

In bismuth the metallic character is very clear ; in 
antimony less evident; in arsenic quite doubtful; in 
phosphorus hardly to be found ; and in nitrogen, absent. 
In this group the metals and the non-metals form a 
junction ; from nitrogen to bismuth the transition is 
gradual and perfect. 
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(47.) Lead and thallium, the metals of the iiiiitli 
class, are alike in many of their physical properties. 
Lead is obtained from galena, -which is its most ahnn- 
dant ore, and is used for many familiar and important 



1. Lead and tJiuUiw/i. — Metallic lead is too common 
to need a lengthy notice of its physical properties: 
thallium, on the other hand, is known to few, having 
been discovered in 1861 ; but the description of one 
will almost answer for that of the otlier. Both are 
bhiish-white when freshly cut, but their surface soon 
tarnish when exposed to air. They are alike soft 
enough to yield to the finger nail : both are fusible be- 
low a red-heat, malleable and ductile. 

In their chemical properties these metals do not so 
perfectly agi-ee. Lead is bivalent : thallium is univalent. 
In other respects, also, thallium resembles the alkaline 
metals rather than lead. 

2. Lead obtained from galena. — The ore from which 
the lead of commerce is obtained is a sulphide (Pb S), 
called galena. The color and luster of this ore is much 
bke that of the metal itself, but the ore is much harder. 
It is crystalline, and sometimes occurs in cubes of the 
most perfect form. 

To obtain metallic lead, galena is mixed M'ith lime 
and roasted in a reverberatory furnace. By this means 
a part of the ore is changed to oxide, another part to 
sidphate, and some remains as it was. The air is then 
shut off from the furnace and the heat raised : the com- 
pounds are all decomposed, and metallic lead is pro- 
duced. 

3. Lts uses. — Metallic lead baa numerous and im- 
portant uses. Among them we may especially notice 
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the eonstriietioii of water pipes and cisterns. In cities 
supplied with water from reservoirs, the conduit pipes 
are iilmost nniversallj made of lead. 

But since solutions of lead are poisonous, tlie chemical 
action of lead upon water is a matter of great import- 
ance. Together, especially iu the presence of air, they 
form an oxide which is somewhat soluble in water. 
The corrosive action is very much modified by the 
presence of impurities. It is increased by nitrates and 
chlorides : it ia diminielied by sulphates and carbonates. 

Water, containing a solution of calcic carbonate, 
scarcely affects the lead ; but if it contains much free 
carbonic acid, this removes the lead carbonate, which 
otherwise would protect the surface, and leaves the 
metal constantly exposed to corrosion. "It has been 
proved by numberless experiments that the action of 
natural waters upon lead is so general that it is rare to 
find any sample of water, which has been kept in a 
leaden cistern, wholly free from traces of that metal. 
The opinion of most chemists is at this time (1867) 
decidedly adverse to the use of leaden pipes in houses, 
in spite of the fact that the metal is nowadays employed 
for this purpose almost everywhere with apparent im- 
punity." (Eliot & Storer, p. 493.) 

(48.) Coppei", mercury, and silver are found isative, 
but more generally as sulpliides. They do not decom- 
pose water at any temperature. Nitric acid speedily 
changes them to nitrates, at the same time evolving 
nitric oxide. Copper is not readily acted upon by air; 
mercury oidy at a high temperature, and silver not at 
all. 
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A.— Copper ib vadely distributed in nature. It is a 
red metal, very tenacious and ductile. Brass is an 
ailoj of copper and zinc. 

1. Coppeff is widshj distnh.ited. — ^In small quanti- 
ties copper is found in the soil almost everywhere, and 
traces of it exist in plants and animals. It occurs na- 
tive in many places, but in far greater abundance it is 
found in combination. The sulphides are the most 
common ores from which the metal is obtained. 

2. Jis prc^perties. — Sheet copper and copper wires 
are familiar forms of the metal in commerce, and they 
suggest its malleability and ductility. These proper- 
ties, together with its great tenacity, render it valuable 
for many purposes in the arts. It slowly tarnishes in 
the air, and is readily acted upon by vegetable acids; 
the compounds formed are, many of them, poisonous. 
On this account copper vessels to be used for culinary 
purposes are usually coated with tin. Copper is 
among the very best conductors of electricity, and is 
much used in the construction of electrical apparatus 
and lightning-rods. 

3. Its alloys. — Several alloys of copper are of great 
importance. Brass, bronze, and gun-metal are exam- 
ples. The first is an alloy of copper and zinc, the 
others of copper and tin. German silver is another 
alloy containing copper; its other constituents aro 
nickel aud zinc, 

II. — MEECIIEY. 

B. — Mercury is found native, but the chief source of 
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tlie metal is einnabar (a sulpliide), found in consider- 
able abundance in Spain and California. It ie the only 
metal which at common temperatures is a liquid : its 
melting point is -8^6 0. (-39''4F.). 

Many of its uses are already familiar to the student. 
Among others we notice that it is of great use in ex- 
tracting gold and silver from their ores; in silvering 
mirrors ; and that some of ite compounds are highly 
prized in medicine. Calomel is the mereurous chlo- 
ride (Hg 01). 

Another chloride, the mercuric chloride {Hg Clj), is 
the well-known corrosive Bublimate^ & virulent poison. 
Alloys of mercury are called & 



0. — Silver is sometimes found native, but generally 
in combination ; the sulphide being the most important 
ore. It occnre in small quantities in galena, from which 
it is obtained by cupellation : from other ores it is ob- 
tained by amalgamation. It does not tarnish in pure 
air, and its alloys are largely used for coin and for 
" silver ware." 

1. Silver in na.ture.S\\\'^v, like the o^her metals 
of greatest use in the arts, is very widely distributed. 
It is found native and often alloyed with mercury, 
copper, and gold, but its sulphide (AgjS), either alone 
or mixed with other metallic sulphides, is its most com- 
mon form. Prom these ores the metal is usually ob- 
tained. They are found in many countries of Europe, 
but in greater abundance and richness in Peru, Mexico, 
and the Pacific slope of the United States. 
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2. Oii/peUation. — Galena almost always contains sil- 
ver, -aTid often ill qwantitiea which raate it valuable for 
the extraction of silver as well as lead. " It has been 
found profitable to extract the silver from lead that 
contains less than one thousandth of its weight of the 
precious metal." From lead rich in silver the precious 
metal is obtained at once by cv^dlation ; but when so 
poor as, that just described, the lead is first melted and 
then, while cooling slowly, it is stirred. As it cools it 
crystallizes, and the crystals may be dipped ant of the 
liquid mass in colanders. Now an alloy of lead and 
silver will i-emain melted when cooled below the tem- 
perature at which pnre lead solidifies. Hence the 
crystals dipped out in the colander are crystals of lead, 
while aU the silver remains in the fluid left behind. By 
this means the proportions of lead may be reduced until 

the metal is rich in ailver, after which it is cupeUed. 

The process of ciMpeUation is based upon the fact that 
lead is rapidly oxidized by air at high temperature, 
while silver is not 

The alloy, placed in a shallow, porous v^sel of bone- 
earth, called a cupel, is melted in a furnace, and its sur- 
face is at t!ie same time exposed to a current of hot air. 
The lead is changed to an oxide ; the melted oxide is 
partly absorbed by the cupel, while another part runs 
oft' into other vessels. The silver is not affected by the 
air, and when the lead has passed away, the precious 
metal still remains in the cupel. 

3. Ama/.ffamaiion.—From other ores than argentif- 
erous lead, silver is extracted by a process called amal- 
yamation. It is based upon the fact that silver is very 
soluble in mercury. 

Tor this process also, the ores require a preliminary 
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treatnieiit. After being thoroughly ground they are 
mixed with common salt, and then roasted. By this 
means the silver is changed to a chloride. The roasted 
siibatance is then mixed witli watei' and fragments of 
iron, and the mixture ia violently shaken in revolving 
casks. Mereury is soon added and the agitation ia kept 
lip for, ])erhajB, twenty hours. In the mean time the 
iron decomposes the chloride, and the silver tlms set 
free, is dissolved at once in tlie mercury. The excess 
of mei'cary in the amalgam is removed by filtei-ing it 
through leather bags under pressure : and the r^t by 
distillation. The precious metal is left beliind. 

4. Its allm/s. — Silver is too soft for most purposes in 
the arts. Small quantities of other metals increase its 
hardness. For coin and for articles of plate it is alloyed 
with copper. The English standard silv&r contains 
7.5 per cent, of copper. The standard is regulated 
by law, and is not the same in all countries. In the 
United States the legal silver coin is -^ silver and ^s 
copper. 

(49.) The metals of the gold class are always found 
ia the metallic state. They ai-e not tarnislied by air at 
any temperature short of their melting points, nor can 
they be dissolved by nitric acid. Only chlorine or 
aqua regia can dissolve them. Gold and platuium are 
the most familiar and important. 

1. Gold.— In small quantities gold is very M'idely 
distributed in nature. Pine giraina of it occur in the 
sands at the bottom of many rivei"s ; in the crystalHne 
rocks and the soils derived from them. Iron pyrites, 
found almost everywhere, often contains traces of gold ; 
and silver is never found entirely free from it. Few 
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places liowever seem to possesa the precious metal in 
qnantitiea that will pay for the laborious work of sepa- 
rating it from the sands or rocks in which it is 
found. 

Except iridium and platinum, gold is the heaviest of 
metals. It is very much heavier than sand, so that 
when gold-bearing sand is violently shaken in water, 
the fine and precious grains quicltly sink to the bottom, 
while the sand may be poured off with the water. By 
repeating this process, called ''washing" the sand or 
other loose material is finally all washed away. The 
iine metallic grains left behind are seldom pure gold. 
The baser metals — silver, copper, and others — are taken 
out by Bolphoric or uitiic acid in which they will dis- 
solve, but which can not dissolve the gold. This process 
of separating gold from the metals with which it is 
alloyed is called rejmmg. 

When the native gold is scattered in line grains 
through solid rock it is extracted by amolgamaiion. 
Mercury mixed with the crushed ore dissolves the gold, 
and it is then taken from it byiiltration and distillation. 

2. J^toim](ffi.— Platinum is a rai-e metal, not so 
widely distributed as gold. The slopes of the Ural 
mountains, Brazil, and Peru are among the localities 
richest in this metal. It is always foimd in the metallic 
state, but never pure. It is heavier than gold, and is 
obtained from loose sands or soils in the same way. 
Its commercial value is about one-half that of gold ; 
about eight times that of silver. 

Pure platinum is almost as white as silver, and can 
not be tarnished in air at any temperature. The most 
intense heat of the blow-pipe is needed to melt it. On 
these accounts platinum vessels are much used in the 
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laboratory. Few, indeed, are the chemicals which 
can affect it. Aqua regia and the cauatic alkalies are 
among those which can. On the other hand it readily 
forms alloys with most pther metals, and these are more 
easily melted and are soluble in acids. 
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CHAPTER 1Y„ 



OS DECOMrOSITIOH IN PRESENCE OF Allt. 

Gen-eral Statement. — Organic substances, or hydro- 
carlDoiis obtained from them, when exposed to tlie 
action of air under the influence of a pi'oper amount of 
heat or moisture, or both, may be decomposed. Carbonic 
dioxide and water are the chief products of the action, 

I . — Comb uBTio w. 

(50.) Comhustion is a mataal chemical action, gen- 
erally between oxygen and some other substance, and 
whicli, when rapid enough, evolves heat and light. A 
certain temperature must be reached before a substance 
will kindle, but once stai'ted the chemical action will 
produce heat enough to keep the action going. 



1. GoTnhustion a chemi- 
cal action. — Combustion 
is among the most 
familiar phenomena of 
every-day lite. It is a 
mutual chemical action 
between at least two 
^ substances. To illus- 
W trate, let us refer to the 
familiar ease of oxygen 
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and hydrog'eti. Tig. 33 represents a jo.v of oxygen, with 
a jet of hydrogen burning in it. It is the hydrogen 
which appears to burn. In Fig. 34 oxygen is flowing 
from a jet and bnniing in a vessel iiept fall of hydro- 
gen—in this case the oxygen appears to burn. The 
truth is, that in both cases alike the two gases are 
combining to form the licLuid water. 







2. Between oxy(/en and other substances. — In all 
ordinary eombnstion, oxygen is one of the active sub- 
Btances. When wood bnrna in air, it is because the car- 
lion and hydrogen of the wood combine with the oxygen 
of the air. Few, indeed, ai'e the exceptions to this— 
the burning of a wax taper in a jar of chlorine (p. 112) 
IB one. 

3. When rapid it evol/oes light and heat. — The evo- 
lution of light and heat accompanies all familiar cases 
of burning, but the same chemical action going on 
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more slowly, gives off heat without light. An iraa 
wire, when bviraed in pure oxygen, produces a splendid 
light, but when allowed to slowly rust in air, no light 
19 ever seen. The chemical action is the same in both 
cases— oxygen combines with the iron and they form 
an oxide. Moreover, to change the iron to an oxide 
talces the same amount of oxygen in the two cases, and 
still further, the same aggregate quantity of heat is 
given off. Poth are eases of combustion, the one being 
rapid, the other slow. 

The amount of heat depends upon the amoiint of 
material, especially of oxygen taking part in the action ; 
the Mitensiiy depends upon tlie rapidity with which 
the action goes on. 

4. A certain temj>erahire is needed.— Thin shavings 
of the driest pine wood, as is well known, will rest, in 
air for any length of time unbumed, but when heated 
by a burning match, how quickly do they disappeai- ! 
The match, by its heat, simply raises the temperature 
of the wood until having reached a certain point, the 
oxygen of the air begins rapidly to combine with its 
elements. The temperature at which a substance 
begins to burn is tolerably constant, and it may be 
called its himdlvng point. The kindling point varies 
greatly in different substances — phoBphorns, for ex- 
ample, inflames, sometimes, by the gentle heat of the 
band, while sulphur must be heated to about 560° be- 
fore it will take fire, and ordinary fuels to about 1,000°. 

5, Temperalvre Icept up 'by oh&mioal action. — But let 
the burning once begin, and the kindling point is kept 
up by the combustion Itself— a match may kindle the 
fire which destroys a city, but if by any means the 
burning body can be cooled below the kindling point, 
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the fire is quenclied. Over the flame of a gas-jet, presB 
down a sheet of wire gauze (Fig. 35) ; the gas goea 
through the gauze, the flame does not. The- cold 
metal reduces the heat, cooling the gas rig. 86. 
below its kindling point. The metal /||i| 

finally becomes red-hot, after which tljc 
flame freely pa^es it. Upon this piii^ > 
pie the "safety lamp " is made (Fig. II'". 
It consists of a wire gauze cylinder com- 
pletely enveloping thebnrner of thelamp. 
The combustible fire-damp of a mine may 
burn some time inside the cylinder, wam- 
ing the minei-s of its dangerous presence before the 
cold meshes of the gauze will allow tlie flame to pass 
out and explode the mine. 

(5J.) The substances used for fuel in all ordinary 
cases are compounds of carbon and liy- I'i^.sfi. 
drogen. The products of combustion ii 
water and carbonic dioxide. To bun 
with flame, the body must be either a g,i'i 
itself, or must give ofl' a gas on bem^ 
heated. In common flames we may ud 
tice three parts — thenucleus, thelumin r 
envelope, and the non-luminous envel [e 

1. Fuel. — All fuel is of vegetable dii 
gin. That wood and ehan.c'il aie so 
evident— not less so ire all forms ot i. 
found in the earth They aie the re 
mains of an ancient ve^etible or forest 1 
growth which, under the mflueui-e of 
beat, pressure, ind chemicil t^ice have at list jai ted 
with their oxygen \\\A 1 > h >j,cn wbde tht c irboa still 
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remains. Tlie resins, oils like petroleum, and coal gas, 
more rarely used for fuel, are suljstancea, also, which 
liavo come fi'oin plant bodies. But all tliese sub- 
stances are compounds of carbon and hjdrogen in 
different propoi'tions. 

2. Theproduots of combustion. — Upon tlie bottom 
of a glass jar stand a burning wax taper, and cover the 
jar tightly. The flatne soon grows dim and is finally 
extinguished. Let the taper be removed and a small 
quantity of lime-water poured into the jar. The 
inilkiness of the fluid shows the presence of oarhonie 
dioxide. The carbon of the wax has united with the 
oxygen of the air. 

Again, over the flame of a bnniing gas-jet hold a 
cold glass jar. The sides of the jar are quickly dimmed 
with dew, which must have been formed by the hydro- 
gen of the wax nniting with the osygen of the air. 

Water and carbonic dioxide are tlie important pro- 
ducts of all oi-dinary combnstions. 

3. Gases only hum with flame. — The flames of all 
ordinary combustion are due to burning gases. The 
flame of a candle is as truly a gas flame, as is the flame 
of a jet of illuminating gas. The solid wax or tallow 
in the wick mnst be first melted and then vaporized 
by the heat of the match, before it will take fire. The 
gas once lighted causes a flame, whose heat melts the 
wax below, and the liquid, lifted by capillary force, 
through the wick, is changed to vapor as fast as it is 
jieeded in tiie flame. Take the wax in a test-tube with 
a jet pipe through its tight cork, and heat it. The wax 
melte— boils — the vapor at length issues from the jet, 
and when touched with a lighted match burns (Tig. 37) 
■flith exactly the same kind of flame, only less steady. 
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Alcohol and oil tiirn with flame only after lieat lias 
changed them to vajjoi's. Bituminous coal and wood, 
barn with flame because they contain substances whicli 
the heat applied can vaporize. While hard coal bums 
with no flame, because it gives ofl' no pig S5 

gases when heated. 

4. TliTea parts fo a common flame. 
— The dark center and the luminous 
eone of common flames have been no- 
ticed by US all, Thi^ dart center or 
niiclens consists of the gases formed 
from the fuel ; but they are not in a 
burntug condition. The luminous en- 
velope consists of these gases combin- 
ing with the oxygen of the air. In this 
part of the flame only does combu'ition 
occur, Ontside of this is an envelope 
made up of water-vapor and carbonic dioxide pro- 
duced by the burning. 

The nudeus is iwt iumvng, for the end of a match, 
plunged to the center of the flame, does not burn while 
there : it takes fli'e while coming out. And even gun- 
powder may rest in this center of a flame unharmed ! 
Invert a dinner plate or ug. ss. 

common bowl upon the 
table; its bottom is a \eiT 
shallow dish whieh wdl 
hold a small quantity ot 
alcohol. Put some gun 
powder on the end of a 
small cork and plate it 
at the middle of the pKte 
and then touch the alco 



fk 
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hol ■with a match. A large flame is formed, in the 
center of which the powder remains unharmed {Fig. 
38), until some air current, wafts the flame or the alco- 
hol is nearly consumed. 

The h.tmmff takes place in the luminous envelope. 
Over the flame of an alcohol lamp suddenly lower a 
sheet of writing paper, holding it for a moment across 
the middle of the flame. Remove it, and a scorched 
ring will be seen ; the paper is bui-ned jnst where it 
was in contact with the luminoua envelope. 

Hold a cold gla^ plate in place of the sheet of 
paper for a moment on the flame : a ring of dew is 
condensed npon it where it comes in contact with the 
non-luminous envelope. 

(52.) Combustion is resorted to merely for the heat 
and the light it prodnces, not as in otlicr chemical pro- 
cesses, for tlie material which it forms. 



A.— To give the greatest heat the air should be 
Jig w. thoroughly mixed with the burning 

gas, as in the Bunsen's burner, a 
common furnace and the oxyhy- 
drogen blow-pipe. 

1. The bunsen's burner. — (Fig. 
39) represents a Bunsen's burner. 
The gas is brought from the chan- 
delier by means of the rubber tube, 
and issues from a jet pipe inside 
the tube A. Just below the end of 
this jet are two large holes on 
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opposite sides of the tube, one of which ia shown 
at h. A movable collar e, witti corresponding holes, 
may he tarned around the tnbe so as to open and 
close these holes at pleasure. Now a constant supply 
of fjas from the jet and of air entering at the holes 
keeps the tube (A) full of a mixture, which ia lighted 
as ifc issues from the upper end, Thia burning mix- 
ture gives an intense heat ; a glass tnbe is quickly 
softened or melted by it ; but the light is very feeble. 

2. The furnace.- — In the common stove and furnace, 
the air entering at the draught iiiixes very thoroughly 
■witli the fuel, and the heat is much more intense than 
it would be if the two came in contact only at the 
surface 

3. The ojiyhydrogen Moio-pipe. — A mixture of hydro- 
gen and oxygen, in the right pioportions to fonn water, 
burns with heat of surprising intensity. By means of 
the oxyhydrogen, or compound blow-pipe, this flame 
may be obtained with little danger of explosion. 
Notice Fig. 40, which shows a section of the jet, 
and Fig. 41, which show? the ^'S' *"■ 
instrument in use. 

The gases are stored in sep- 
arate bags. Hydrogen passes 
from one of these into the larger 
or outside tube of the jet, and 
flows out at c, while oxygen from 
the other bag passes through the 
inside tube, and out at the same 
point. It will be seen that the 
two gases m/ix just at the point 
of the jet, and that here the com- a 
bustiou takes place. ^ 
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The heating effects of this flame are astonishing. 
Zinc and antimony are vaporized by it. Iron and 
steel (Fig, 41) liurn in it like thread in a lamp flame. 
Platinnm, and even quartz and other rocky matter, 




may be melted or softened, dily the electric heat 
can surpass it. 

In all these heat "flames the light is feciblc. 



n, LIGHT, 

—To give the greatest light there shonld be a full 

Fig. 45. snpply of air to the surface of 

the gas-jet, as in the common 

lamp, the afganii burner, and 

ordinary gas flames. 

1. A full supply of a'r. — 
Witness the following esperi- 
- menta. Let a glass jar be in- 
' verted over a bnrning taper 
'™^ (Fig. i2). The flame continues 
for a time, then dies. It goes 
out l>ecatiae iti supplj of oxygen is exhausted. I?J"or 
does it help tlie matter much to raise tlie jar a little 
space above the plate on which the tapi r stands, for 




Healed byGoogIc 



CHEMISTRY. 



167 



the jar remains fnll of impure air, which keeps the 
pure air out. 

Kow again, put the taper at the hottom of a jar 
whose open mouth is upward, and if nece isprr partly 
corer it (Fig. 43). The flame dies almo t is quickly 
as hefore, and for the same rea- ""is *'' 

son. "We learn from these es- 
perimenta that a supply of fresli 
air is absolutely needed in com- 
bustion. 

Go further — take a lamp i him 
ney and so place it th^t a very 
email opening admits an it the r 
bottom — the flame does not die 
bnt bums dimly. And i o'n j 

again ; almost cover the top — ' 

of the chimney leavmg the Lotton ] i| 7 

burns, but with a dim or ^mok^ il^me 1 inally open 
both top and bottom Amuentot in p^ses freely 
up through the chimney, and we see the tiper burning 
briglitty. These experiments teach us thil a f-uU 
supply of air is necessary to produce a luminous flame. 

E at we have seen that when a full supply of air is mixed 
with the burning gas an almost non-luminous flame is 
produced. A full supply of air must be brought in 
contact with the surface of the gas-jet if the greatest 
light is to be obtained. 

2. This is done in the common lamp. — The oil or 
kerosene lamp is too familiar to need description, 
ilotiee that the^( wick usually employed exposes a 
large surface to the air, and that the chimney, open at 
the top and bottom, allows a constant current of fresh 
air to pass up through it. By this means an abundance 
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of air 19 brought in contact with the flame, at ita sur- 
face only, and the bright light ia tlie result. 

3. Tk6 argand hurner. — In the argand burner an 
artifice is resorted to, by which the surface of the flame 
exposed to air is increased. The wick is a hollow 
cylinder, and the air passes up through the inside of it 
as well as around its outside. The gases from the wick 
expose a double surface to the air and give ofi' a greater 
light accordingly. 

4. The gas burner. — ^The burner of a gas chandelier 
ia so made that the gaa escapes in a fan-shaped jet. 
This is done in many ways. In the end of some hnrnera 
we may notice two small holes, and by putting pins 
into these we find them to be the ends of two little 
tubes slanting toward each other, ao that if continued 
outward they would meet. Now the two ]'ets of gas 
from these tubes strike against each other with force 
enough to flatten both out into a single fan shaped jet. 
In this way a large surface of gas is exposed to air 
without making a mixture of the two substances, and 
the luminous flame is prodnecd, 

(53.) The light of a flame is due to solid particles, 
or dense vapors, intensely heated. 

1. To solid particles.— The luminous power of solid 
bodies in a heat-flame is illusti'ated by the so-called 
Drummond or calcium light It is made by simply 
placing a little ball of lime in the flame of the oxyhy- 
drogen blow-pipe. So very intense is this light that the 
eye is blinded by its direct rays ; and, used in light- 
houses, it has been seen miles away at sea. 

Observe now; lime remains solid even in the most 
intense heat of the blow-pipe, but the burning mixture 
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gives lieat enoiigli to raise tlie lime to a wliite heat and 
ill this condition it shines with a blinding light. 

Doubtless on tins principle we may, in part, aeconnt 
for the light of common flames. We know that the 
burning gas is being decomposed and that one of its 
constituents is carbon. "We know, too, that carbon is a 
solid, even at the highest heat, but that heated in air it 
combines with oxygen. At the instant, then, when 
set free from the bui'ninggas, and before its anion with 
oxygen, each little molecule of carbon is heated white- 
hot, and, shining brightly, adds its mite to tlie light 
of the flame. 

2. To dense vapors. — But that all the light of 
flames is not to be explained in this way is seen clearly 
from the fact that in some of the most dazzling there 
is no snhstance present which can remain solid at the 
temperature of the flame, Eemember the blinding 
light of phosphorus burning in oxygen gas. "Now 
phosphoric anhydride, the product of this combustion, 
is volatile at a red-heat, and it is, therefore, manifestly 
impossible that this substance should exist in the solid 
form at the temperature of the phoaphorons flame, 
which far transcends the melting point of platinum."* 
(Dr. Frankland.) Many other examples of a similar kind 
might be given. The light of sucli flames, and doubt- 
less much of the light of all flames, is due to intensely 
heated dense vapors. 

II. — Kespiratjo^-. 

(54.) Respiration is a chemical action similar to 

combustion. Large quantities of air are, by it, made 

* See Chemical News, Amorican vepiint, vol. iii., p. 237. 
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unfit to support life, hence the supreme importance of 
ventilation. 

1. Respiration a chemical action. — The walls of 
the air cells of the Inngs are covered with a net-work 
itf minute capillary blood-vessels. Into the air cells 
successive portions of tresh air enter, to be at once 
thrown out again, while, at the same time, the impure 
blood of the system is constantly coursing through 
these vessels. What changes are being made, first in 
the air, and second, in the blood ? 

If one breathes through a tube into a vessel of lime 
■water, ita milky color soon shows the presence of 
carbonic diosdde. If he breathe on a cold surface, 
the moistm-e condensed shows the presence of water 
■owpor. If tiiese substances be removed from the 
breath which has been collected in a jar, the flame of 
a taper, afterward inserted, is extinguished, showing 
the absence of oxygen. The gas that I'emains is chiefly 
nitrogen. Notice: the air in the lungs gives up ita 
oxygen and receives carbonic dioxide and water vapor. 

Could we examine the blood, we should find that 
while in the lungs, its color changes from purple to 
bright red, due to the loss of carbonic dioxide and 
water vapor and the receipt of oxygen. 

Now how can these changes be explained % It has 
been found that particles of tlie body itself are con- 
stantly being worn out. Not an act can be done, a 
word spoken, nor can a thought occur without the 
disintegi'ation of some portion of the organs. These 
waste particles are in great part thrown into the 
blood: they are its impurities. These particles are 
composed chiefly of carbon and hydrogen. The pure 
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blood is charged with oxygen, and as it floiva, this 
gas combines with the carbon and hydrogen of the 
waste, at all points in its coui-ee, and the carbonic 
dioxide and water vapor, thus formed, pass into the 
lung cells to be finally exhaled from the system. The 
action is a process of slow eombnstion. The waste 
particles are the fuel, oxygen is supplied, and carr 
bonic dioxide and water vapor are the pi-oduets. 

2. I/irge quantities of air spoiied.— It will be at 
once seen that the air of our rooms is being constantly 
made nnfit to keep up this action by which the blood 
is purified. In the first place its oxygen is being taken 
out, and in the second place impurities are being thrown 
into it, !Not only does it receive the worn-out matter 
of the system from the breath, but we may here add 
tiiat other portions of waste, even more offensive, are 
incessantly being given into it irom the body by per- 
spiration. Tlie total amount of impurity tlms added 
to the air of a close room is frightful, since, upon the 
average, about 20,000 cubic inches of air pass through 
the lungs of a single person every hour ! 

3. Hence the need of venMlation. — As the flame of a 
taper dies in a closed jar, so a human being would 
die if confined long enough in an air-tight room. As 
the flame flickers and burns dim when a email supply 
of air is furnished, oT the products of combustion are 
not removed, so the life of human beings flickers and 
grows feeble in rooms where fresh air is not supplied 

III. — Decay. 

(55.) The decay of wood or other vegetable matter 
ia a slow process of combustion. By the gradual loss 
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of carbonic dioxide and water, the decaying wood is 
iiiially changed into a brown or black mold to which 
the term immus is given. 

1. The decay of wood. — If iine sawdust is thoroughly 
moistened and put into a stoppered bottle contain- 
ing air, and afterward exposed to a temperature of 
about 16° 0. (60° F), it will after a long time be found 
partially decayed. By the usual tests it will be found 
that the air in the bottle has given up a part of its 
oxygen and receiTed carbonic dioxide in return. 

Woocl of whatever tind, when exposed to the con- 
tinued action of moist air and warmth will, like the 
sawdust, in the experiment, be gradually decomposed. 
Moisture and warmth are essential to decay, since it is 
found that wood exposed to the cold of the Arctic 
regions, or to the dry air of Egypt, will remain, even 
for centuries, in good condition. 

3. Other negetalU matter.— l^ a flask (Fig. 44) partly 
Hhed with peas 
and water is fur- 
nished with a bent 
tube reaching over 
an invei-ted 
larger tube filled 
with water, there 
may after a time 
^ be seen bubbles of 
gas rising into the 
t il T! '(j^s if teste 1 mil be found to be carbonic 
diLMJc, a d \vhen the pea are examined, they will 
be found to be partially decayed. 

3. A slow comiustion. — Now the expei'imeiits with 
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t}ie sawdost and tho peas are simple illustrations of 
wliat oeeurs whenever any kind of vegetable matter is 
long exposed to the action of air under the influence 
of moisture and warmth. They are slowly decom- 
j>osed; a part of their carbon and of their hydrogen 
unites with oxygen to form carbonic dioxide and 
water, while the rest of these elements in combination 
with oxygen remain in the form of a loose, solid, black 
mold. 

The chemical action in the process of decay is, clearly, 
very eimilar to that of combustion. Indeed it differs 
from combustion chiefly in being less rapid. Heat is 
evolved in decay as in combnstion, and from equal 
quantities of material the same amount. In some rare 
caa^ a feeble light is also given off by decaying vege- 
table matter. Decay is to be considered as bat a slow 
process of combustion. 

i. ffii7nus. — The brown or black mold that is leit 
after the decay of plants, is called humus. This term, 
however, is not the name of a single substance, but 
rather of a mixture of several compounds of carbon, 
hydrogen, and oxygen in various proportions. Humus 
gives to fertile soils their rich brown or black appear- 



Hc^lcdbyGoOglc 



OHEMISTRT. 



CHAPTER T, 



ON DBCOMPOSITIOS IN ABSENCE OF AIB. 

General Statement. — Organic euTDstancea from wtioh 
air 19 wholly or in part excluded may be decomposed 
by the action of heat or moisture. The productsof the 
action depend upon the substance acted on, and the 
circumstances under which the action occurs. 

I. — DKSTEUCTIVE DISTILLA'nON. 

(56.) When wood or other vegetable substancej is 
heated in close vessels, it is decomposed The process 
is called destructive distillation. ■ Charcoal, a mixture 
of gases, pyroligneous acid, and wood-tar, are the pro- 
ducts. Erom the last two products several other re- 
markable substances may be obtained, among which 
we notice metlijlie alcohol, creosote, and paraffine. 

1. Destructive distillation of wood, — Let the follow- 
ing experiment be tried. Into a small flask (Fig. 45) put 
some fine splinters of some hard wood, beech wood an- 
swers the purpose well. Let theflask be tightly corked, 
and provided with. a bent tube reaching over into a 
bottle which is kept cold by the water which surrounds 
it. On heating the flask the wood soon turns black ; 
volatile matter is driven over, some of it being con- 
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Sensed in the bottle, while another part escapes in the 
ibnn of gas. This gas may be collected in a second 
bottle over water, by passing; it through a rubber tube 
reaching from the short tube t. The black solid left 
in the flask is charcoal ; the gas collected is a mix- 
ture of several, — marsh gas and oleilant gas being 
among them, while the fluid in the first bottle con- 
sists of pyroligneons acid and wood-tar. 

Charcoal and the gases have already been described. 




2, JPyroligneous acid. — Pyroliifiieous aoid is often 
called woridrvlnegar. Dry beech wood \ielda it in 
greatest abundance. It is a dark brown liquid, with a 
sour, smoky taste. It contains aj;etic acid, and on this 
account has been lai^ly used in making such acetate 
as are employed in the arts, especially in calico printing 
and dyeing, Sodic and plumbic acetates are examples. 

S. Wood-tar.— WooA-i&r is a very dark-colored resi- 
nous fluid. There are several varieties,— one, lai^ely 
used in ship-buildiug and other arts, is obtained by a 
mde distillation of resinous pine wood; another is 
obtained from hard wood. It is sometimes used as a 
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covering for wood to preserve it from decay : the more 
volatile constituents of tlie tar passing away, leave the 
liarder part (pitch) in the porea of the wood. Water is 
thns kept out of the pores of the wood, and this, 
together with the action of cTet»ote, to he soon noticed, 
prevents decay. 

4. Methylio aloohol. — ^AVhen pyroligneons acid is dis- 
tilled, a very volatile liquid may he ohtaiiied, which, 
being afterward rectified hy the nse of quicklime, con- 
stitutes the meihylio aloohol of commerce : it is often 
called wood spi/rit. It is a limpid liquid, very inflam- 
mable. It may be used instead of alcohol fur many 
purposes, especially for dissolving resins in making 
Tarnish. 

In its composition methylic alcohol may he described 
as water in which one atom of hydrogen has been 
replaced by the radical CH5 (methyl). The formula 
for water being written H H 0, that of the alcohol 
(C H, O) m'ly be written C H, H O. 

5, Creosote. — The smoky taste of pyi'oligneous acid 
and the power of both this acid and wood-tar to prevent 
decay, is due to the presence of a curious componiid of 
carbon, hydrogen, and oxygen (CgHmO) called creosofe. 
One pound of the acid contains about a quarter of an 
ounce of it in solution. Its most curious and valuable 
property is its power to prevent decay ; indeed it is the 
most powerful antiseptic known. Flesh remaining a 
few honi-s in a fluid made by dissolving 1 part of creo- 
sote in 300 parts of water, will not afterward decay. 
That meats are often cured by exposure to smoke, is 
familiar to all : now the preservation and the peculiar fla- 
vor of smoked meat is diie to the action of creosote in the 
smoke. Tliis substance ia often used in medicine, but 
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when taken internally, except in very small quantities, 
it is a oorrosive poison. 

6. Parajfine. — ParafSne may be obtained by distill- 
ing wood-tar. It is a crystalline solid with neither 
taste, color, nor smell. Its most remarkable property 
is its indifference to the chemical action of other sub- 
stances. It can resist the action of ihe strongest alka- 
lies and of the most corrosive acids. It is, however, 
combustible, and it-s ilame is white and smokeless. 
Paraifine candles rival the most costly wax candles in 
luster aud in the strength and beauty of their light. 

T. Oth^ «uS«&!Mces.— Numerous substances, besides 
the few juat described, may be obtained by the destrne- 
tive distillation of wood. Each different kind of wood 
and of other vegetable matter yields some different pro- 
ducts, but tor the most part they are all compounds of 
carbon with either hydrogen or oxygen, often with both. 

It should be noticed that none of these products are 
supposed to exist ready formed in the plant. By heat 
the substance of the plant is broken up ; its elements 
are rearranged and these hydrocarbons formed. 

(57.} By the destructive distillation of bituminona 
coal, and sometimes of other substances illuminating 
gas is made. The material being heated in iron retorts, 
its volatile constituents are driven off. The gas thus 
formed is purified by passing first through cold pipes, 
mid then over lime. It is afterward collected in gas- 
holders, from which it is pressed out into the pipes of 
the city and through these into the chandeliers of the 
houses. 

1. Bituminous coal. — In the United States alone, 
there are about 130,000 square miles of workable coal- 
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iielda. The coal foniid so abundantly in nature is called 
mineral coal ; it consists of cai-bon raised with other 
matter, especially with volatile compotiiids of carbon 
and hydrogen. The two varieties of mineral coal — 
anthracite and hituminom, differ chiefly in the amount 
of their volatile conatitnents. The firet contains vei'y 
little of the hydrocarbons, is very hard and burns with 
a very feeble bluish flame ; the second contains a large 
amonnt of volatile compounds, is much softer, and 
burns with a bright flame. From bituminous coal illu- 
minating gas is generally made. 

9, Other material. — Other material is sometimes 
used. Wood, when heated in close vessels yields an 
excellent gas. Resins furnish gas of superior quality, 
and ai'e often used in its manufacture. Crude or ref- 
use oil, unfit for burning, is sometimes used. But on 
the score of economy none of these substances can 
compete with coal. 

3. Heated in iron retorts. — The vessels in which 
the coal is heated are called retorts. They are usually 
of iron, about seven feet long, and scarcely more than 
a foot in diameter. Fig. 46 shows tlie ends of five of 
these retorts placed in a single furnace. Each one, 
after receiving a charge of from 100 lbs. to 150 lbs,, 
is closed air-tight ae shown at G, and made red-hot by 
the fire in the furnace, whose doora are shown at A. 
Ill the course of a few hoars the volatile matter of the 
coal is driven off : the residue called coke is then raked 
out, cooled, and used for fuel. 

4. Its volatile constituents. — The gaseous mixture 
driven oif by heat, contains olefiant gas, marsh gas, 
carbonic dioxide, hydrogen, ammonia, hydro -sulphuric 
acid, and coal-tar, brides many other substances. 
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This mixture is totally unfit for use iind must be 
puritiei]. 

5. Pass through the hydraulic main. — From each 
retort a vertical pipe {Hi, Fig. 46) is an oatlet for this 
mixtore of gases. This pipe, bending over at the top, 




reaches down into a larger and horizontal tnlic or 
trunk, IT, called the liydToulio main. In tiie begin- 
ning of the process this main is filled half fnll of 
water, and the pipes i ^, dip into this fluid. The gaa 
coming over from the retorts hubbies up through the 
water, which prevents its return. Kow the vapors of 
coal-tar will be condensed in part, by the lower tem- 
perature of tlie main, hut ae the fluid increases it runs 
off through the tube L, to a tar cistern. Much of the 
coal-tar is left in the hydraulic main, while the gas 
passes out of it througli the pipe K, 

6. Through the condensers. — This pipe, K, leads the 
gases over to a series of upright pipes (Fig. 47), 
called the condenser. Passing up one and down another 
until they have traversed the whole series, the gases are 



Healed byGoogIc 



180 



CilEillSTRT. 




exposed to a large extent of cold suitVtce, and tlie coii- 
densable gases are changed to a liquid state. The tar 
and ainmoriiacal liquor thus condensed, runs into a c^s- 
rig- 41- tern helow, from which they 

may be drawn off at pleasui'e, 
7. Through the lime puri- 
fier. — The gas still containing 
sulphur compounds and car- 
bonic acid passes from the 
condenser through a pipe (L) 
into a chamber (Fig. 48) in 
\ which are several sieve-like 
shelves, covered with slaked 
lime. In passing through the lime, the gas loses its 
ciiKnic dioxide and hydrosulj hwric acid. 

Fi« 8 Into the gasometer.— Ti\& 

puiified gas, leaving the lime 
chamtei through a pipe (P), 
p pi '^s mto the gjsholder {Fig, 
i I) in immense sheet-iron 
fvlindei closed at the top, and 
opened at the bottom, hnng by 
tl uns Mhich run over pulleys 
at the tof lud -whicli cairy weights to balance it. Be- 
low It IS 1 well of -water Uige enough and deep 
enough to let tl is tylmder do-n n until it is filled with 
witei Ab the gas enters it the gaahclder rises, and 
v.\\Ga it IS tilled the gia is leadv to be pushed out 
thiough the pipe i,&)into the stieets and finally the 
houses cf the citv, fuinishin^ to "11 a uonvenient and 
lieautiful light 

'In tl e 11 ) I iiteiics undti tiwns in the eonstella- 
tiom of 1 imirs th^t lule the ni^^lit it tavo red days, 
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rising over tlie chaotic oil lamps of old ; wliiit a crea- 
tion !" 

(58.) Among the niimernus constituent'? of coil fir, 
M-e may notice cailDolic acid •uid btnz le Fiom 
benzole, by the aition ot nituc aci<l, nitio bona le is 
formed ; and tbis, bj tbe 
action of acetic acid and 
iron filings, is cbanged 
to aniline, from which 
are made some of the 
richest colors us(d iii 
dyeing and calico piint 

p 

1. Numerous tonsht 
wents in. coaJr-tar — Tlit, | i 
coal-tar of the gas avoiI s I 

is a very complex sub ~ ^ S 

stance. "When distillel 

vapors containing ammuui i. in p i = u ci, m 1 Ihcn a 
light oil, known as eoctl naphtha, tbliowed by a heavier 
one called dead oil, contaitiing a small portion of paraf- 
Jina A black pitoh or asphalt is left. 

But these are only proximate constituents of the tar: 
each is itself made up of many simpler ones. The 
naphtha, for example, is made up of several distinct 
kinds of oil whi(;h may be separated by careful distilla- 
tion, each having its own particular boiling point, 

2. Carbolic ae-id. — One of the most important sub- 
stances obtained from coal-tar, is carbolic at^id (Cj Hj 0). 
It IB not a direct product of distillation, but it is 
obtained from the naphtha which comes over between 
300" and 400° F., by the action of sodic byd rate (caustic 
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soda). When pure, it is a white soli^, soluble in alka- 
lies, with a &ineU like creosote. Its most important 
property is its power to intetTiipt decay : it is a good 
disinfectant and is in nrach demand for this purpose. 
It is used to some extent in medicine, and quite largely 
in the manufacture of colors for dyeing silk and woolen 
goods. 

3. Bensole. — Benzole (CsHe) is another important 
pxjnatituent of coal-tar. It is a colorless liqnid, some- 
times used as a burning-fluid, often, for taking oil-stains 
from garments: it is a powerful solvent of oils, but on 
account of its exceeding inflammability it is a danger- 
ous fluid for lamps. 

4. Witro-hensole. — By mixing benzole with strong 
nitric acid a reaction is brought aboutj shown in the 
equation, 

aH6 + HN0, = 0,H.N0H-H,0. 

It will be noticed that one atom of hydrogen in the 
benzole is replaced by one molecule of the radical jS" O^, 
forming Cj H, H^ O3. This new substance is called 
nitro-hen.sole. 

Nitro-benzole is a fluid having the odor of bitter 
almonds. It is used in mating perfume and confec;- 
tionery, but its most important use is in the production 
of aniline. 

5. Aniline. — Nitro-henzole may be changed to a]ii- 
line in diflerent ways. Hofmaun's method consists in 
acting upon it by hydrogen set free from sulphuric acid 
by zinc. The following reaction takes place : — 

C, 11, X O, + 6H = C, II; N + 2H2 

losing two couibining weights of oxygen, and gaining 
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two of hydrogen, the uitro-henzole is changed to 
ObHjN. This newsnbstance is aniline. 

On a large scale aniline is made by a more economi- 
cal method (Eechamps'), in which the change is effected 
by iron and acetic acid. One hundred parts of the 
crude nitro-heijzole is mixed with nearly its own weight 
of strong acetic acid, and to this is added, little by little, 
about one hundred and fifty parts of iron turnings. 
A complicated reaction talses place, and wben the mix- 
ture is afterward heated, impure aniline is obtained. 
It is purified by treating it with lime or soda, and re- 
distilling it. By this means the crude aniline of com- 
m.erce is obtained. 

Aniline, when pure, is a colorless liquid, heavier than 
water, soluble in alcohol and ether, and very slightly 
in water. Its most renmrltable property is that of 
acquiring varions and rich colore by the action of dif- 
ferent oxidizing agents. Various rich shades of red, 
blue, yellow, and other colors, may be obtained from 
crude aniline. Indeed, almost every vanety of tint may 
be made from the products of cos}-tar / 



(59.) Organic matter buried in the earth undergoes 
a alow process of destructive distillation. The varieties 
of mineral coal and petroleum, or rock oil, are doubt- 
less the products of such a process. 

1, Slow destructive dist/Uatioii.— The decay of vege- 
table matter, when buried in the moist earth, or covered 
by the water and mud of hogs and marshes, is some- 
what different from its decay when exposed to th(! air. 
Instead of giving oif carbonic dioxide and water, and 
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cmmbliiig to a black mold, it gives off marsh gas and 
other liydro-carhons, and yields a residne of coal. 

The cliief constituents of wood are carbon, hydrogen 
and oxygen — the first two being far the most abundant. 
On exposure to air, oxygen fi-om the atmosphere com- 
bines ^vith hydrogen and carbon of the wood to form 
\\-ater and carbonic dioxide, leaving oxygen in combi- 
nation with what remains of both these elements, form- 
ing humus ; but wlien the air is excluded, the process 
of decay must consist chiefly in the rearranging of the 
elements of the wood itself. Its oxygen takes carbon 
enough to form carbonic dioxide ; its hydrogen takes 
carbon also, and forms gaseous or liquid compounds, 
while the excess of carbon, not thns used, is left in the 
form of coal. 

2. Vari^iies of coed. — ^Taat quantities of vegetable 
matter, accumulating in low wet lands of warm conn- 
tries, gradually become covered with water, and some- 
times, by the sinking of the land, they are buried under 
mud and sand brought over them by streams or floods. 
Thus shut oif from the air, a slow decay goes on, by 
which they are at last changed to coal. The different 
varieties of coal mark the difterent stages of the pro- 
cess. In peat the change is only well begun ; in 
anthracite coal the process is at an end. The warjuth 
of the earth assists the change, and the great pressure 
of the material, accumulating tor ages upon it, would 
have much to do with the final compactness of the 
remaining coal. In bituminous coal the liquid hydro- 
carbons remain, but may be driven away by heat: 
irora antlu'acite they have already escaped. 

3. T'etroleum.—Nnmeioas and extensive beds of 
coal have thus been producud by the slow distillation 



Healed byGoogIc 



CHEMIST ET. 185 

of vegetable matter dtiring past ages of tlie earth's 
history. But what has become of the liquid hydro- 
carbons which must have been formed, but which are 
no longer held in the hard coal? Moreover, during 
the deposition of other roets in which no coal is found, 
there is abundant evidence that plants were growing, 
and they, too, must have been decomposed in a similar 
way ; what has become of the products of their decay? 
The gaseous products would, of course, for the most 
part, escape into the air, and it would be natural to 
suppose that the liqiu'd products would gradually 
collect in cavities and iissnres in the rocks. Kow,, 
inflammable, oily substances, issuing often in large 
quantities from the fissures of rocks have been long 
known. To them the general name oi fetn^wm has 
been given. Thej resemble the liquid products ob- 
tained by destructive distillation of wood, and it is 
believed that they are the products of the slow decom- 
position of organic matter, chiefly vegetable. Petro- 
lemn, or rock oil, is then the liquid hydro-carbon 
substances giren off in the slow process of the decay 
of vegetable matter long buried in the earth. 

The purer varieties of native oil are nearly colorless, 
and leave no residue when distilled; naphtha is the 
name given to such. Others ai-e dark coioi-ed, and by 
distillation yield naphtha, and a more or less solid residue 
called inineral tar, or when pure and hard, as^halium. 
Asphaltum itself is found in many places, the shores 
of the Dead Sea, Earhadoes, and Trinidad are examples. 

From these mineral oils, by distillation, substances 
very much like those obtained fmm coal-tar may be 
obtained, and may be used for similar purposes in the 
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CHAPTER VI. 



ON DECOMFOSIxrON BY FtC 



General Statement. — Many organic i 
decomposed by the presence of decaying organic mat- 
ter ■which contains nitrogen. The action is called 
fermentation, 

I, — THE ALCOUOLIC PEEMENTATION 

(60.) Sugar, or substaneea whieli may bo changed to 
sugar, will be broken up by the presence of ferments 
into alcohol and carbonic dioxide, 

1. Sugwr, — The sngars are an important class of 
compounds occurring in the bodies of plants. They 
are, all of them, compounds of carbon, hydrogeu, and 
oxygen, and in their composition there is this peculi- 
arity—the hydrogen and oxygen are in the proportions 
to form water. There are many varieties of sugars, 
but they may be grouped in two classes — the sucroses 
aud the glucoses 

a. Th^ suaroses. — Cane sugar, so common and well 
known, and milk sugar, or lactose, obtained by evaporat- 
ing the whey of fresh milk, are members of the first 
class. Cane sugar occurs in the juices of many planta. 
Tt is obtained by evaporating the sap of the sugar 
maple, the juice of the beet, and in far larger quantities 
from the juice of the sugar-cane. Its general character 
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is well known. Its compwiition is given in the symbol 
OiaHja 0,1. "When strongly heated it yields water and 
a dai-k-colored residue, called caramel. One of its 
TiioRt curious properties is shown in its action tipon 
polarized light ; it tnrns the plane of polarization to the 
right hand. 

b. The glucoses. — Grape sugar and fruit sugar are 
glucoses. They are found together in many kinds of 
fruit, especially in the grape. They liave the same 
composition, Oj Hi, Oe, and yet differ in several proper- 
ties. Grape sugar easily crystalizes ; IVuit sugar never 
does. The latter is more soluble, and rotates tlie plane 
of polarization to the Uft, the former to the right. 

When cane sugar is acted on by dilute sulphuric 
acid, a reaction takes place by which the cane sugar is 
changed into grape sugar and fruit sugar, by taking the 
elements of a molecule of water; — 

Ci, F^ 0,1+ H, = C, H,5 O, + Cs Hi, O, 

Oaiio sugar + Water = Graps augai' + I'tuit sugar. 

2. Siihsta^ices which can ie changed to sugar. — 
Among the substances which may be changed to sugar, 
we may notice starch and dextrine. 

a. Starch. — Stai'ch consists of a white powder, com- 
posed of grannies, wliich have different size and shape 
in different varieties ; those of potato starch being about 
.OOYin.in diameter; ofbeetroot about .0002 in, The.yi 
granules are not soluble in cold water, but when heated 
in water, they swell up and split open, and if the paste 
thus formed is boiled in a larger quantity, the starch is 
at last dissolved. 

"When free iodine is brought in contact with stareli, 
a compound, having a lieli blue color, is made. Thia 
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action is the most delicate test of tlie presence of starch : 
it will sIjow its presence in potato when the freshly cut 
Burtace of the vegetable is washed with a solution of 
iodine. 

Tlie composition of atarch is shown by its symbol, 
C( Hio Oc. By the action of dilute sulphuric acid starch 
is changed into dextrine and grape engar. 

b. De3>trine, — Dextrine, or, as it is more commonly 
called, British gum, is vei'y soluble in water, and it is 
used sometimes instead of gum-arabic in calico print- 
ing and other arts. It is made from starch, not only 
by means of dilute sulphuric acid, hut by simply 
heating the starch to ahout 150° C. (302° F.), or 
by the action of (fiasiase (a substance contained in 
malt). By the continued action of the diastase the 
Btareli is first changed into dextrine and grape sugar> 
and the dextrine is finally changed also into grape 
sugar. 

3 (C, H.„ O,) + H, = 3 (C„ II,(, O5) + C, H,5 0„. 

starch + Water = DeKtrine + Grape sugar. 

The composition of dextrine and of starch are the 
same, but their properties are different. Dextrine is 
soluble in water and is reddened, instead of being 
turned blue by iodine. 

3. J^erments.—'Bj the term fenfient we mean an 
organic compound, containing nitrogen, and which 
readily decomposes on exposure to air. Any substance, 
containing niti-ogen and partially decomposed, will act 
as a ferment. Yeast is the most familiar example. 
When the sweet juices of vegetables are exposed to the 
air, a ferment is soon formed in them, and the smallest 
quantity of ferment being present, a'l action is started 
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by it, which goM on until the entire body of liquid is 
decomposed. 

4. Fenneniation. — The deconipositioii caused by ler- 
Tiienta is called iermentation. It may be easily illus- 
trated by experiment. Dissolve about 100 grs, ot* 
honey, or, it may be, molasses, in a pint of water ; HU 
a small flasli witli tlie solution, and add a few drops of 
brewer's yeaat. Close the neck of the flask witii the 
hand, and invert it in a dish holding some of the same 
simp, and leave it in a warm place for twenty-four 
hours. Fermentation soon begins; a colorless gae col- 
lects in the flask, which, by lime water, may be shown 
to be carbonic dioxide, while alcohol remains in the 
fluid. 

OeH,aO( == aO^HcO -f 2 CO,. 
Sugar = Alcohol + Carbonii; dioxide. 

All fermentation which produces chiefly alcohol and 
carbonic dioxide is called the alcoholic or vinous fer- 
mentation. The process goes on best at a temperature 
of 25° or 30° C. (77° or 86° F.). 

(61). Alcohol is the intoxicating principle of all 
spirituous liquors. From alcohol sulphuric ether is 
made by the action of sulphuric acid; other acids 
produce other varieties of ether. 

1. SpiriiMoiis liquors. — The spirituous liquoi-s oi' 
oommeree, such as brandy, gin, and whisky, are pro- 
luced by distilling fermented liquids. The fermented 
liquid obtained from malted grain is called beer / that 
irom the Juice of the grape is called wine. By distilling 
these and adding various substances to color and flavor 
the result, different kinds of liquor are made. Brandy 
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is made by distilling wine ; giii is made from different 
kinds of com spirits, its flavor being given by juniper 
berries, sweet flag, liquorice powder, and several other 
substances. Whisky is also obtained by distilling the 
fermented liquor from corn. 

2, Alcohol. — The intoxicating principle in all these 
liquors is alcoliol, which has been produced by fermen- 
tation. Distilled from wine, it lias been called spirit 
of wine. But mere distillation from the fermented 
liquor, while it may furnish a concentrated spirit, Can 
not give one entirely free from water, T!ie attraction 
of alcohol for water is so strong, that a small portion 
will be retained by it after the moat careful distillation. 
It can be removed by the stronger attraction of quiet- 
lime, and when this is done, the product is called 
absohtte alcohol ; but on exposure to air, it soon absorbs 
water again, so tliat absolute alcoliol is of rare occur- 
rence. The specific gravity of absolute alcohol is .794; 
of the strongest commercial alcohol, which contains 
about 11 per cent, of water, it is .825. 

Alcohol is a very combustible fluid, and bums with 
a pale flame withoitt smoke, producing carbonic di- 
oxide and water. On this account, and because its 
flame is the source of intense heat, alcohol has been a 
most valuable fuel to the chemist — ins alcohol lamp 
was formerly in almost constant use; the gas-lamp is 
now ranch used instead, 

{63.) By the action of concentrated sulphuric acid 
upon alcohol, sulphuric ether is formed; other acids 
yield different varieties of etlier. 

1. /Sulphuric acid tfpon cfZeoAo^.^'Whcn equal weights 



Healed byGoogIc 



CUEMISTRY. 191 

of concentrated auiphurie acid and alcohol are heated 
to about 140° C, a very volatile substance is formed, 
whose Tapora may be condensed in a separate vesael. 
It is sulphuric ether, or, since it is the only ether of 
commercial importance, it is called simply ether. The 
chemical change is complieate<l, but the result of it all 
is that the alcohol is changed into ether and water. 

2 (Cj Ho 0) ^ C4 H,oO. (ether) + H, O. 

2. Ether. — Ether is a transparent liiiuid, with a 
peculiar odor, and a sweetish taste. When breathed it 
causes exhiiaration at first, but perfect insensibility at 
last. On this account ether has been used to render 
patients insensible to the pain of surgical operations. 

The evaporation of ether produces intense cold : a 
pretty experiment can illustrate this. Let a drop or 
two of water be covered with a few drops of ether, and 
by a. bellows or a blow-pipe, a current of air be blown 
against the ether. By its rapid evaporation the ether 
takes away the heat, imtil the water is frozen. A mix- 
ture of ether with solid carbonic dioxide will produce 
a temperatureof — 110C°.(— 166°F.). Pureether has 
never beeu frozen. 

Ether is very combustible, burning with a bright 
flame ; and a mixture of its vapor with air is explosive. 

Ether is used in medicine, and extensively by the 
chemist as a solvent. Oils and resins, caoutchouc, and 
many other organic substances are soluble in this 
liquid. It is a more powerful solvent than alcohol. 

3. Varieties of ether. — In chemistry the term ether 
is given to a class of volatile compounds produced 
from alcohol by the action of strong acids. By the 
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use of nitric aeid, nitric ether \& made; and other ethers 
by other acids. Thus hydroelilorio aeid will produce 
hydrocJilorio ether. 

4. Ethyl. — Ether may be considered as a compound 
of oxygen witli two molecules of the radical 0^ H^ — 
called ethyl. Its symbol, 

Oi.Hw 0, is equivalent to ^- jj= I 0, 

and according to tliis the true name for ether is 
ethylic oxide. Tliis radical, Calls, — ethyl, is contained 
in a numerous class of eompDunda, known as the ethyl 
series. Alcohol itself is a member of this series ; its 
symbol 

0.^ Hj being equivalent to yj V O, 

and its name would accordingly be ethylic hydrate. 
So, too, with chlorine this radical would form ethylic 
chloride (Ca Hj CI); with potassium, potassic ethylate 
(CaH.KO). 

Ethyl has been described by Dr. Franldand as a very 
lieayy, colorless gas, with a slight odor of ether, burn- 
ing with a bright ilarae. It is of no practical import- 
ance in the arts, but to the chemist its tlieoretical vahic 
is very great, simplifying, as it does, his study of the 
composition of a long series of organic substances. And 
this is only one of many such radicals, out of each one 
of which the symbols of an entire series of organic sub- 
stances may be said to grow. 

Some of these radicals, with their corresponding al- 
cohols, follow in the table:— 
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N.UIIS. 


SYJrBOL. 


AIOOHOI.. 


SYlDSOt. 


Methyl 

Ktlijl 

Propjl 

Biitjl 

Amjl 


C, 11, 

CH, 
0,11, 

c.n„ 


Methjlio Alcohol 
Ethjlio 
Propylic " 
Butyiic " 
Amvlie " 


C H.O 
0,11,0 
C,H,0 

c,n„o 
c,n„o 


Each alcohol is but 
organic compounds. 


a lii-st step i!i a long 


series of 



(63.) An alcoliolie liquid, containing a email quan- 
tity of a ferment, and in presence of air, yields vinegar. 
Vinegar consists chiefly of water and acetic acid. 

1. Production of mnegm:—'Wh.&i\ an alcoholic liqtiid 
is exposed to the air in a warm place, a little yeast or 
other nitrogenous matter in it will start an action by 
which the alcohol is changed into vinegar. "A good 
extemporaneous vinegar may he prepared by dissolving 
one part of sugar in six of watei', with one part of 
brandy and a little yeast. The mixture is put into a 
cask, with the bung-hole open, and kept at a tempera- 
ture between 70° and 80° Y. In from four to six weeks 
the clear vinegar may be drawn offi" ( Bran d e & Taylor.) 
A still more simple process consists in soaking apple 
skins in soft water for a {%v! days; straining the juice, 
and letting it stand exposed to the air in a warm place 
for several days : an excellent vinegar is the result, 

2. Aeetic acid. — Common vinegar is composed chiefly 
of water and acetic acid. Its quality depends upon the 
proportion of acid it contains, and the absence of other 
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impurities. The composition of acetic acid is shown 
by the symbol C2H4O2. It is a colorless liquid, with a 
powerful and peculiar odor, which, once experienced, ia 
afterward easily recognized, 

3. Fermentation of alcohol. — The chemical action by 
which alcohol is changed to acetic acid is called the 
acetoits fermentation. And yet it is not in all respects 
a true fermentation. It is not a deeomposition, hut 
rather an oxidation, as may be seen by comparing the 
symbols of alcohol and acetic acid. In this respect the 
action is a case of combustion rather than of fermenta- 
tion. It can take place only in the presence of air, so 
that the action is not entirely due to a ferment. Yet, 
on the other hand, it will not occur, except in presence 
of a nitrogenous sutetance, to which the term f&nnent 
has been given; and hence the reaction is very natu- 
rally called a fermentation. 
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CI-IAPTER VII. 



ON THE CHEMIGAT. ACTION OF LIGHT. 

(64.) The combination of hydrogen and clilorine, 
wben a mixture of the two gases ia exposed to light, 
has been notified ; other examples of the chemical 
action of light are to be described. The rays which 
produce these effects are, in general terms, the most 
refrangible part of the beam. 

1, Hydrochloria aaifl formed under the injl-uence of 
light. — We have seen (p. 49) that si^ w 

■when a mixture of hydrogen and 
chlorine is exposed to diffuse light, 
a gradual combination takes place, 
and hydrochloric acid is formed. 
"We may now study this action mole 
fully. Let a strong tube or bottle 
be filled with a mixture of the two 
gases, "raking care to Iiave a little 
more c f one— -say of hydrogen — than 
of the other. Let this mixture be 
prepared in a dark room, the tube 
containing it being inverted in 
vessel of *vater, firmly fixed in place 
(Fig. 50), and covered with a black cloth, 
pared, take the apparatus at once to a place where the 
direct rays of the sun may fall upon it, and by means 
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of along handle remove the cloth. A violent explo- 
sion will quickly follow: the water, speedily dissolving 
the acid gas, will rise in the tube, and would strike 
the top of it with violence, did not the exce^ of hy- 
drogen act as a cushion to prevent it. 

Exposed to diffuse light, the combination of the 
mixed gases is gi'adual, but if prepared and kept in the 
dark, no combination occnre. 

These experiments clearly illustrate the fact, that 
sunlight has power to prodnce eliemieal action. Other 
intense lights, electric light, for example, may be used 
with similar results. 

2. Effect of light vjpon silver compoundx. — Into a test 
tube put a quantity of a solution of argentic nitrate 
(nitrate of silver), and add a few drops of hydrochloric 
acid. A heavy white precipitate of argentic chloride 
is at once formed, which speedily settles to the bottom. 
Let the tube be now placed in the sunlight, and an 
interesting change of color will be gradually produced. 
The enow-white chloride becomes pink, violet, brown, 
and at last dark bronze-black. The chloride, dry and 
pure, will not show^ this change on exposure to light ; 
moisture seems to be necessary. Light causes a reac- 
tion between water and the chloride, by which hydro- 
chloric acid is formed, and a small quantity of metallic 
silver is set free. To the presence of this metal in a 
state of very fine division the darkening is due. 

Argentic nitrate is not changed hj the action of light 
unless in contact with organic matter : it then blackens 
like the chloride. 

When argentic iodide is exposed to light, no visible 
change occurs, but still a molecular change does take 
place. This curions fact may be shown by experiments. 
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Let twobiglilypolislicd platesof silver beield in iodine 
vapoi' ill the dark ; by this means a thin fihn of iodide 
■will be made over their sHrfaces. Leave one plate in 
the dark, and pnt the other, for a time, in tlie snnlight ; 
the two plates still look alike : the light has caused no 
visible change. But now hold both, in a box at mode- 
rate temperature, over the vapor of mercury : the one 
which was exposed to the light immediately blackens ; 
the other is not changed. The darkening in this case 
is due to a combination of mercury with the silver of 
the iodide — the mercury decomposing the iodide after 
exposure to the light. The nature of the action of light 
in this ease has been in doubt. The best explanation 
(Amer, Jour, of Sci,, vol, 42, p. 198, and vol. 44, p. 
Tl) supposes it to be a physical action, by which the 
molecules are so disturbed as to yield aiterward to the 
attraction of mercury. 

3. Exeats of light upon other compounds. — Some of 
the compounds of several other metala are easily affected 
by light. Solutions of gold in contact with organic 
matter yield metallic gold ; and the compounds of iron, 
mercury, uranium, and some othei"s, ai'e either reduced 
to a lower state of oxidation, or, in rarer cases, to the 
metallic state. 

Many chemicals kept in the light in the laboratory, 
are in time sensibly changed. Phosphorus is changed 
to the red allotropic form ; and nitric acid becomes 
slowly yellow by the presence of lower oxides of nitro- 
gen into which it is partially decomposed, 

4. Effect of light upon the vapors of volatile liquids. 
— Some new and very interesting effects of light have 
been lately pointed out by Dr. Tyndall. (See Cbem, 
Kews, Amer. Eep., vol. 4, p. 65.) The vapors of vari- 
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ons liquids have been acted upon by concentrated liglit 
ill a gl^s tube, with curious and beautiful results. 
Among them are the following, obtained by experiment 
witli the organic compound — amy lie nitrate. The tube 
being filled with mixed air and rapoi-, a beam of elec- 
tric light was sent through it from end to end. " !For 
a moment nothing whatever was seen within it ; but be- 
fore a second had elapsed, a shower of liquid spherules 
was precipitated on the beam, thus generating a cloud 
within the tube. This elond became denser as the light 
continued to act, showing at some places vivid irides- 
cence." 

" The beam of the electric lamp was now converged 
so as to form within the tube, between its end and the 
focus, a cone of rays about eight inches long. The tube 
was cleansed, and again filled in darkness. When the 
light was sent through it, the precipitation upon the 
beam was so rapid and intense, that the cone, which a 
moment before was invisible, fiashed suddenly forth 
like a solid luminous spear." 

" When the vapor was permitted to enter the tube 
unmixed with air or any other gas, the efi'ect was sub- 
stantially the same. Hence the seat of the observed 
action is the vapor itself." 

" I have taken no means to determine strictly the 
character of the action here described, my object being 
to point out to chemists a method of experiment which 
reveals a new and beautiful series of reactions ; to them I 
leave the examination of the products of decomposition." 

5. The rays that produce chemical action, — ^Kot all 
the rays of the sunbeam take part in these chemical ac- 
tions. If a sheet of white paper is washed with a solu- 
tion of ai'gen tic nitrate, and then used as a screen to re- 
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ceive the solar Bpectniin, it will he darkened, but not 
alike in all tke colors. Tbe least effect wiU be found in 
the jellow — indeed a long time will be needed to darken 
the paper there at all. In the red rajs a slight change 
will be noticed, while on tlie colors toward the other 
end of the spectriim the change is very decided. And 
what is more coi-ious, the effect is seen upon the paper, 
beyond the violet, where there is no light. By letting 
these dark rays pass through the screen that stops the 
colored light, we may let them fall upon the prepared 
paper in, ike da/rk, and we shall find that it is black- 
ened by them. Luminous rays are not necessary to 
chemical aetiou. 

We therefore conclude that the sunbeam contains a 
set of invisible rays, by which its chemical action is 
produced. These chemical rays are distributed through 
all parts of the aolar spectrum, but moat abundantly in 
the violet end, and points just beyond it, and henoe we 
may in general terms say that they are more refrangi- 
ble than the luminous rays. 

(65.) The beautiful art of photography depends ou 
the chemical action of light chiefly upon the compounds 
of silver. We may notice, briefly, the process : let, 
upon silver ; 3d, upon glass ; and 3d, upon paper. 

1. Photography on silver. — Photography is the art of 
making pictures by means of light; and all pictures 
produced by the action of light are photographs. The 
daguerreotype is a photograph on silver. 

The following is an outline of the process of making 
the daguerreotype. A highly polished surface of silver, 
usually a plate of copper, silrer-eoated, is exposed to the 
vapors of iodine and bromine, in a dark box. By this 
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means a thin filin of argentic iodide (Ag 1} and bro- 
mide (Ag Br) is formed by direct combination. This 
fihn has a bronze-yellow color, and is very sensitive to 
light. The plate is then put into a camera, where it 
receives the light from the object to be pictured, and 
after a few seconds' exposure, it is taken out into a dark 
room. The same bronze-yellow surface, with no sign 
of a picture, remains, — no visible change having been 
made by the light The plate is next held in the vapor 
of mercury, when an image immediately appears, due to 
an amalgam of mercury and silver formed on those 
parts which have received the light, bat not upon others. 
This amalgam can not be washed off, bnt the undecom- 
posed bromide and iodide is dissol ved and washed away 
by a solution of aodic hyposulphite, which is next pour- 
ed over it. The highly polished silver beneath forma 
the deep shades, while the light gray amalgam forms 
the lights of the picture. A film of gold is then spread 
over the picture by pouring upon it a dilute solution of 
auric chloride (chloride of gold), and heating it ; and 
finally, a thorough washing completes the opei'ation. 

The daguerreotype, better than other processes of 
photography, can bring out the minute details of ob- 
jects. " In 1846 we obtained by this process a copy of 
the 10,000 letters of the Greek inscription on the Ro 
setta stone of the British Museum, within the space 
of two square inches," (Brande and Taylor.) The 
disadvantages of this fonn of picture are, that the image 
can not be easily seen in all lights, and it is liable to 
tarnish on exposure to air. 

2. Photography on glass. — Glass may be coated with 
a film of substance sensitive to light, and a photograph 
may then be made upon it. 
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Cotton, acted on by a mixture of nitric and Bulplmric 
acids, is changed to gun cotton, or pyroxjline, and this, 
when dissolved in alcohol and ether, forms the substance 
called collodion. A small quantity of an iodide (po- 
tassic), or a mixture of two or three, is pnt with the 
collodion, and the solution is then rapidly poured from 
a wide-mouthed vessel over the very clean and dry sur- 
face of the glass ; the alcoiiol and ether quickly evapo- 
rate, and leave a thin film upon the glass, which is 
then plunged into a bath of argentic nitrate. While 
in this bath for a few minutes, the iodine in the film 
takes silver from the nitrate, and forma argentic iodide 
(Ag 1). The plate being then taken from the bath, 
thorougldy washed and dried, is ready to receive the 
aetion of light. 

The plate, with the sensitive film on its surface, is 
exposed in a camera for a short time, during which the 
light from the object performs its curious action upon 
tlie iodide, by which no picture is made visible, but by 
which one is prepared to be developed. On pouring 
over the film of iodide a solution of pyrogallie acid 
(Cc He O3) or of ferrous sulphate (Fe S Oj), containing a 
few drops of argentic nitrate, the pieture is brought out 
or "developed," as it is technically described. 

The next step is to dissolve away the undecomposed 
iodide. This is done by washing the plate in a saturated 
solution of sodic hyposulphite. After this, the plate is 
thoroughly washed, dried, and varnished on the pictui-e 
aide, to preserve the film from injury. Often a black 
varnish is put upon one side oP the plate to serve as a 
background to the picture ; it forms the shades of the 
picture, while the portions where the action of light 
was strongest, and hence the most silver deposited, 
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fiti-niali its lights. In other eases a piece of black cloth 
put behind the picture furnishes its shades. 

3. Photography on paper. — When a photograph on 
glass is viewed bj transmitted light, it will be seen that 
the shades of the object are lights on tlie picture — the 
lights and shades being inverted. Such a picture is 
called a negative. If the " development " be pushed 
further, more of the iodide in the iilm will be decom- 
posed, and the silver will more or less completely inter- 
cept the light From such a negative a pietui'e may 
be printed upon paper. 

The paper for this purpose is prepared by floating it 
first upon a solution of salt, and afterward upon one of 
argentio niti'ate. Argentic chloride (Ag 01) is thus 
formed in tlie paper. This paper, placed under the 
negative, is exposed to light ; the light is stopped by 
tlie shades of the negative, but passes freely through its 
lights ; upon the paper, therefore, the lights and shades 
correspond with those of the object from which the 
negative was taken. Snch pictures are called positives. 

The photograph is next to be thoroughly washed and 
then " toned." The touing-bath is a solution of hydro- 
sodic carbonate (bicarbonate of soda), containing a little 
auric cloride (Au CI3). The change produced by this 
hath is beautiful to witness. From an unpleasant, dull, 
reddish color the picture visibly changes to a rich blue- 
blaek. The picture, having next been washed in water 
to remove all traces of the gold bath, is soahed for some 
minutes in sodic hyposulphite, to wash out all of the 
undecomposed chloride, and afterward for twenty- 
four houi'8 in water, to remove all traces of the hyposul- 
pliite. 

Every part of the photographic process needs the 
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greatest care and skill. " The eansea of failure at every 
stage are numerous, and are aometimes difficult to ex- 
plain," 

{&&.) Tlie solar spectrum, viewed through a spectro- 
scope, is seen to be crossed by a host of fine, dark lines, 
bat the spectra of burning elements, viewed in the 
same way, ai-e crossed by hright lines. !Now, the bright 
lines mny be changed to dark ones by absoi'ption, and 
the solar lines are thought to be dark by absorption in 
a similar way, 

1. T/ie speofrosGope. — A spectroscope is an instru- 
ment by which to obsei've the lines which cross the 
spectra of natural or ai'tificJal light. 

Fig. 51. 




A boantifnl experiment illustrates the principle of 
the spectroscope, A beam of sunlight, B (Fig, 51), after 
entering a darkened room thi-ough a narrow slit, is 
passed through a convex lens, L, and then through a 
prism, P, of carbonic disulphide (0 S^). The spectrum, 
falling upon a white screen, S, will be seen crossed by 
several dark lines (Fig. 52). This effect may be seen by 
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many persons at once ; but if a telescope be pointed 
toward tlie prism, one person, looking though it, may 
Bee tlie lines in far greater iiimiber and niutili more 



distinct. N'ow the alit and lens may be fixed in a tube, 
and this, with the pnsm and telescope fixed in proper 
positions on a stand, constitntes a spectroscope. In the 
inetriiment ebown in Figs. 53 and 54-, the light enters the 




slit at > ne end i>t the tube B and pasaing tiiion^h i lens 
at the othei end tallb apm the pnsm P The cpe< trum 
ia vifwed lij lorkjHj, thiou^h the tele coue, A. 
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3. The dark, lines. — The dark lines of the solar spec- 
trum to be seen by means of a spectroscope are very 
numerous; the existence of several thousand has been 
ascertained. So fixed are the positions of these lines, 
that the apectrnm has been mapped — the invaiiable 
place of each line bein^; shown according to a scale 
of equal parts. For this purpose, a small scale, very 
accurately graduated, is placed in a third tube, C (Figs. 
53 and 54), and illumined by a light, F. The light from 
this scale is reflected from the face of the prism, P, into 
the. telescope, A, so that the image of the scale will 
lie Been alongside of tlie spectrum, and the place 
of each line may be marked by the divisioiis of the 
scale. 

Several of these dark lines, lirst mapped, were 
named by Fraunhofer from letters of the alphabet. 




The line A lies near the end of the red color ; B in the 
middle, and at the boundary between the red and 
orange. D is in the yellow; E in the green; Fin 
the blue ; G in the indigo, and 11 in the violet. 
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Tlie light of the sun always gives the sams set of 
lilies, but starlight gives a different set, and each star 
seeiiia to have a set of its own, 

3. The hright lines. — When artificial light is used 
the Bpeetroscope reveals sets of very brilliant lineS; 
whose position and color differ when different sub- 
stances are bnmed. Each element seems to tTimieli a set 
of its own BO characteristic, that, as we have seen (p. 31), 
the speetmm may be relied upon to show the presence 
of different substances, a yellow line. Fig. 56 (two, as 
seen by a powerful instrument), indicating sodium in the 
flame, while crimson bands in the red end and a blue line 
in the blue end of the spectrum, declare the presence 
of strontium. In Fig. 55 several of these spectra are 




represented, showing the position of the characteristic 
lines — first of potassium (Ka); second of rubidium 
(Ttb); third of thalhum (Tl) ; and fourth of indium 
(In): no attempt is made to repi'esent the colore. Of 
potassium, one line is red, the other violet; of rubidiimi. 
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tlie two at the left are crimson, the two at the right 
are blue, while those between are yellow and green ; 
of tballium the single line is green; of indinm the 
characteristic line is blue. By their spectra the last 
three metals named were first discovered ; cEesium was 
discovered in the same way. 

The alkaline metals are veiy easily detected by their 
spectra. They are easily burned in a Bunsen's bumer, 
and each gives a small number of lines. Othera may 
be examined with greater difficulty, because less 
volatile, and because of the greater n umber of lines they 
fQniish. Iron, for example, needs the electric heat to 
vaporize and bum itj and there are at least eighty lines 
in its epectrnm. 

4. BrigJit lines, changed to dark ones. — If, while a 
sodium flame is giving its peculiar yellow lines, the 
lime light is placed behind it, so that its rays, going 
through the spectroscope, fall upon the sodium spec- 
trum, the brilliant yellow lines are at once changed to 
dark ones. This wondeiful effect is produced by ab- 
sorj,>tion and contrast: ahaor^tion, since the yellow 
sodium vapor absorbs those rays of the lime light 
which would fall upon the spectnim where the yellow 
lines are formed ; and contrast, since on both sides of 
the yellow lines there is the many times stronger light 
of the lime, in contrast with which the yellow lines 
appear dark. 

The brilliant lines from potassium, barium, and other 
metals, have been changed to dark ones in the same 
way — that is, by sending throngh their burning vapore 
the rays of some intenser light. The explanation ia 
generally given by saying that " a luminons vapor will 
absorb rays of the same refi"angibility as those which 



Healed byGoogIc 



208 c n B M I s T E r. 

itself emits" and adding that "the liues are bright or 
dark, according aa they are lighter or darker than the 
adjacent parts of the spectrum." 

5. Solar Unes . dark hy a}>sorption. — -We find our- 
eelvea able, then, to imitate, in a degree, the lines of the 
Bolar spcetmm : can it be that our msthod is an illustra- 
tion of the way in wliieh the solar lines are produced? 
Snch is the theory. It is thought that an immense 
and himinoiia atmosphere surrounding tlie sun con- 
tains the vapors of Tarions substances whose light alone 
would give bright lines, but that the far move intense 
light of the orb itself coming through this atmosphere 
renders them dark by contrast. 

This theory is curiously confirmed by observations 
lately made. The "red flames" or "prominences" 
seen during eclipses of the sun have been examined, 
and, while the body of tlie sun was in total eclipse, they 
gave a spectrum with hright Unes. This observation 
was made by M. Janssen and others upon the total 
eclipse of the sun in 1868. About the same time Mr. 
Lockyer, in England, by means of a superior instrument, 
obtained a spectrum with bright lines, in clear daylight. 
By pointing his instrument toward the ed^e of the eun, 
and then sweeping around it, on coming to a prom- 
inence, its spectrum was crossed by three bnlliant lines. 
The atmosphere of the sun then, alone, gives bright 
lines : when shone through by the stronger light of the 
orb, the lines are dark. (See Chem. News, Am. Eep., 
vol. 4, p. 19.) 

(67.) Certain brightliiiesof artificial spectra coincide 
exactly with the black lines in the solar spectrum, and 
hence they must be caused by the same substance. On 
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this principle we may learn something of the composi- 
tion of the heavenly bodies. 

1. CoinGidenee of dark and bright lines. — " It is easy 
to eonstruet the spectroscope so that the two halves of 
the slit may be illniniiiated from different sources. If 
then, we admit a beam of sunlight through one half and 
the light of a sodium flame through the other half, we 
shall have the two spectra side by side in the same 
field, as in Fi 56 ind it will b^ sei.n that the sodiuai 




line, which appears as a double line under a high power 
coincides ahsolutely in position with the double dark line 
D, in the solar spectrum." (Coolie.) The coincidence is 
very striliing where the bright lines ai-e more numerous ; 
the eighty bright lines of iron correspond in position 
exactly with eiglity dark lines of the solar spectrum. 

2. Caused hy the same substance.— Nov/, since no two 
substances have been found to give lines in exactly the 
same place in the spectrum, and since the same element 
will give its lines always in the same position, it follows 
that if a set of dark lines and another set of bright lines 
exactly coincide, they must be caused by the same 
element. 

3. The composition of the sun. — And if this is 
true, then sodium and iron, whose lines do thus coincide 
with daric lines from the sun, must be elements in that 
body. Other sets of dark Hnes in the solar spectrum 
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coincide exactly with sets of bright lines in spectra of 
elements : we may suppose that all such are constitu- 
ents of the sun. Seyeriil metals have iu this way already 
been detected in tliat far-distant orb ! Brides iron and 
Bodinm, tliere are zinc, copper, nickel, chromium, mag- 
nesium, barium, and calcium. Hydrogen has also been 
detecf.ed. Something of the composition of the sun 
is therefore determined. 

4. Com/position of the staffs. — On examining the 
spectra of diiferent stara, we find that each has some 
lines not found in othere, and this snggests that they 
are not all alike in composition. By compariug the 
spectrum from the star Aldebaran with the spectra from 
substances here, several sets of lines are found to coin- 
cide. Among our elements thus found to exist in Al- 
debaran are iron, sodinm, mercury, and arsenic. The 
lines of mercury and areenic are not yet foniid in the 
solar spectrum. 

Several other stars have been examined, and ^ume- 
thing of their composition determined, 

5. Oomposition of nehula. — In various parts of the 
heavens are to be seen with a telescope curious bodies 
which loolt like patches of light or luminous clouds. 
When seen through the most powerful instruments, 
some of these n-eiulw, as they are called, look like 
clusters of stars, others have never been been except as 
luminous clouds. On viewing these nebulaa with a 
spectroscope, several of them show the phenomenon of 
iright lines. It would seem that such nm'*t be com- 
posed entirely of glowing gai, because a luminous 
solid or liquid body enveloped in an atmosphere would 
give dark lines by absorption. Much doubt, however, 
still rests upon this interesting subject : indeed this 
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branch of chemistry is still la its infancy. (See Chem. 
ISTews, Am. Eep., vol. 1.) 

When the dark lines of the solar speetrnm were first 
discovered by Wollaston in 1802, the phenomenoD was 
a thing so very delicate and so appai-ently useless, that 
for a long time it received little attention ; and had not 
Frauuhofer rediscovered it several years afterward, and 
mapped the most noticeable among the lines, the whole 
thing might very possibly have been forgotten. Little 
more than fifty years have passed, and yet to what won- 
derful results has the study of these lines led ! The sun 
and the distant stars are being analyzed ; and even the 
nebulse, whose distance defied the most powerful tele- 
scope, are yielding their secrets to the Bpectroscope. 



Healed byGoogIc 



CHEMISTEY. 



CHAPTEIi VIII„ 



OF iroKCE, 



(68.) Chemical attraction, keat, light, magnetism, 
and olectncity, are different manifestations of force* 
mutually and intimately related. 

1. Chemical oMrctction. — That which holds atoms to- 
gether in chemical combination is as truly a force as that 
which holds a rock in its place upon the earth, or that 
■which pulls a train of cars. We know it to be a force, 
because it will do that wliich it requires force to accom- 
plish. For example : Chlorine gas, at 60 °F., by a pres- 
sure of fbnr atmospheres — 60 Ihs. to a square inch, is con- 
densed to a liquid. By no amount of pressure has it 
ever been condensed to the solid state. But when com- 
bined with sodium, it forms a solid without pressure. 
Hence the chemical attraction here is more powerful 
than the greatest pressures that have ever been applied 
to condense the gae. 

For another illustration, we may notice that oxygen 
lias resisted all mechanical forces applied, in the hope to 
condense it even to a liquid : the same thing is true of 
hydrogen. But under the influence of chemical attrac- 
tion, they unite to form a liquid, water, without pressure. 
And more: untold volumes of oxygen are reduced 
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to a solid state, and locked up in the rocks. Surely 
the influence whieh causes combination and exerts 
a power so much greater tliau any mechanical force 
that we can exert must be itself a force. 

3, Ifeai is a force. — Tliat which by producing atomic 
motions, causes the sensation of warmth, is also a force. 
A bar of iron, whose section is -j^j- of a square inch, may 
be stretched yjriinr "f its length by hanging to the end 
of it a weight of (me ton. But to raise its temperature 
16° F. will lengthen it the same amount. The force 
which expands it is equal to the force exerted by the 
one ton weight, and yet it is nothing more than the 
repulsive force of heat, 

3. Light is a y'c^/'ce.— -Admitting that the constitu- 
ents of compounds are held together by a force, it will 
not be dilSeult to see that even light is a force also. 
Paper, moistened with argentic chloride, and exposed to 
light, is quickly blackened, sliowing that the chloride is 
decomposed. In this ease light overcomes the chemi- 
cal attraction, and since force can be overcome by force 
only, it follows that light is a force. 

4. Eleotrioity and magnetism. — Electricity and mag- 
netism are forces. The first shows its power by draw- 
ing a pith ball toward an electrified body, or by pro- 
ducing other motions. The Eecond shows itself a force 
by lifting a piece of iron brought near to the poles of 
a magnet. 

5. Heat, light, and chemical force intimatdy re- 
lated. — Fixing our attention upon the three forces, 
heat, light, and chemical attraction, their intimate rela- 
tion will easily appear ; in the first place, from the fact 
that they so frequently accompany each other. Combus- 
tion is the effect of chemical attraction, but it never oe- 
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cnrs without lieat, and when rapid, never without liglit. 
The trio bear eaeli other company, not only in combus- 
tion, but also in the sunbeam. The beauty of the solar 
spectnim, described in natural philosophy, can not be 
forgotten, but over the visible spectrum only one of 
three kinds of energy in the sunbeam is spread. In- 
visible heat-rays and chemical rays are also spread 
upon the screen. Notice Fig. 57, in which these tliree 




sots of rays are represented, the parts of the screen 
covered by each being shown by the brackets. In the 
visible part of the spectrum all the parts may be detect- 
ed, while the heat rays reach beyond the red, and the 
chemical rays beyond the violet. 

But a closer relation than that of mere companion- 
ship is suggested by this threefold spectrum. In 
general terms, we may say tliat the chemical rays are 
more refrangible than those of light, the heat rays less ; 
so that, ill this respect, they differ just as the colors 
violet, yellow, and red, differ from each other. But in 
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natural philoBOphy, we have been taught tliat tlie eolorg 
of light depend upon the rapidity of the vibrations 
which produce them, the most refra/ngibU being can&ed 
bythe»M(?«(r(i/)i^vibrations. Yioletia more refrangible 
than yellow, because it8 vibrationa are more rapid ; and 
yellow more refrangible than red, for the same reason. 
But ehemieal rays are more refrangible than light ; is it 
because they are in more rapid vibration? So heat- 
rajs being lees refrangible than light, are they in leas- 
rapid vibration ? 

That the nature of the different colors ai-e the same 
has never been doubted, and since heat rays and chem- 
ical rays differ from light ray^ only as one color diifera 
from another, we may suppose that the natures of heat, 
light, and chemical attraction are the same. The wave 
theory of light has been accepted ; but if, as this theory 
assumes, the phenomena of light are due to vibrations 
those of heat and chemical attraction moat be due to 
"vibrations also. 

6. EUcta%Gi1jy and magnetism related to other forces. 
— That electricity and magnetism are closely related to 
the forces jnst considered is shown by the fact that the 
two sets mutually produce each other. In the battery, 
for example, chemical force produces electricity, and 
this electricity may produce a vivid light, heat a wire, 
or magnetize a bar of iron. Heat also may produce 
electricity, and the electricity may in tm-n cause a 
chemical action. 

T. AU these forces different forms of a single influ- 
ence. — In natural philosophy {Cooley's, p. 31), we have 
been taught to regard gravitation, cohesion, adhesion, and 
capillary force as so many different manifestation a of a 
single influence. In like manner, considering the inti- 
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mate relation Ijetween heat, light, etemical force, elec- 
tricity, and magnetism, the scientist is inclined to 
believe them all to be only bo many different ways, in 
which a single influence shows itself. His experiments 
have, moreover, at lengtli brought him to the still more 
definite truth known as the conservation of force. The 
following is the statement of this most important prin- 
ciple. 

(69.) Force, like matter, is indestruciible. Its mani- 
f^tations may ohange from one form to another, but the 
same amount which in any form disappears, must reap- 
pear in others. 

1. Force is indesiructihU.—'SliSi.t matter is indestruc- 
tible is now well known. In very early times it was 
not. He who first asserted this trutli was compelled to 
show what became of bodies when they disappear, as 
when wood "burned up" or water "boiled away." 
Now forces act and disappear ; what becomes of them ? 
Certainly this question must be answered before we may 
admit that force is indestnietible. When matter dis- 
appears, it simply changes form ; so when forces disap- 
pear, while acting, they simply change from one form 
to another. If tliis can be proved, then force, like mat- 
ter, is indestrtictible. 

2. JUustrations of changes in the manifestations of 
force. — Abundant facta in natural philosophy and 
chemistry, when rightly understood, show how force 
may flit from one form to another 

An iron nail is warmed by the blow of a hammer. 
In this case, t\i& force applied to the hammer produces 
motion, but wlien tlie nail is struck, this motion of the 
hammer stops, and, it seems as if the force also ceased to 
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act. But tlie h.eai in the nail shows that the force oi' 
the falling hammer has produeed vibrations of tha 
molecules of the nail, and by these vibrations the esist- 
enee of the force is shown. The force is no longer in 
the hammer, it is in the nail ; it is no longer muauular 
force, nor gravitation ; it is heat. 

For another example, let us link together the follow- 
ing familiar facta. 

The force of exploding gunpowder speeds a bullet : 
in this case, force produces motion. The bullet strikes 
a rock and is partly melted by the blow ; in tliis case, 
motion, checked appears as heat. Heat canaed by the 
blow of the gun-hammer exploded the percussion cap, 
in the beginning : in this case he<it expended reappeared 
■as chemical force. 

Or we may illuatrate by another seri^ of experiments. 
Meat may reappear as electricity; it does, when applied 
to the junction of two bars of different metals, or to the 
end of a thermo-electric pile. Mlectricity may reap- 
pear as light; it does, when a strong current acts 
through charcoal points. Light may reappear as chem- 
ical force^ as when it acts upon a mixture of hydrogen 
and chlorine. Clietnical force may reappear as heat, as 
it does in all cases of combustion. Starting with heat, 
we may thus chase the influence from form to form, until 
we bring it back to heat again. 

Finally, to complete this series of illustrations, a 
helis, a galvanometer, and a line iron wire, may be put 
in different parts of the s;ime battery eireuit. Chemical 
force in the cells of the battery reappears as dectrieity 
in the wires of the circuit, as magneliam, in the helix, 
as heat and light in the flue wire, and as motion in the 
galvanometer needle. Tlie almost instantaneous ap- 
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pearance of tiiia circlo of forces is veiy Etnking and 
convincing. 

3, The same ^mowTii must reappear. — But when we 
are convinced that force may change from one form to 
another, we are still not sure that it is indestructible. 
We must go further, and prove, if may be, that the 
change occurs in definite quantities. 

By moat convincing experiments, Mr. Joule has 
shown that a one pound weight falling a distance of 
772 feet, and suddenly stopping, evolves heat enough 
to raise the temperature of 1 V>. of water 1° F. The 
mechanical force in the blow is definite; the amount 
of heat produced is equally definite. The forces of 
the blow and of the heat it evolves may be consid- 
ered equivalent, so that the force of 1 lb. falling 772 
feet, or which is the same thing, of 772 lbs. tailing 
1 foot, is called tlie raechamtcal equivalent of heat. 
Under all circumstances the amount of heat generated 
by the same amount of force is fixed and invariable. 

" A ton of coal, by its combustion, yields a certain 
definite amount of heat. Let this quantity of coal 
be applied to work a steam-engine, and let ail the heat 
communicated to the machine and the condenser, and 
all the heat lost by radiation and by contact with air, 
be collected. It would fall short of the amount pro- 
duced by the simple eombnation of the ton of coal, 
and it would tall short of it by an amount exactly 
equivalent to the quantity of work performed. Sup- 
pose that work to consist in lifting a weight of 7,720 
lbs. a foot high ; the heat produced by the coal would 
fall short of its maximum by a quantity just sufiicient 
to warm a pound of water 10° F. " (Tyndal!.) The iieat 
needed to lift 7,720 lbs. one foot, is jnst the same that 
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would be produced by 7,720 lbs. falling one foot, wliioh 
is 10^ 

The eame inflexible law of equivalence holds good 
in all the changes of furce from one (brm to another. 
Electricity decomposes chemical compounds, but a 
certain amount of electricity can cause a fixed or 
definite amount of decomposition. The relation be- 
tween electricity and chemical force was discovered by 
Dr. Faraday, He found that by consuming 65 grs. 
of zinc by chemical action iu the battery, a quantity 
of electricity was produced, which, passed through 
water, set free 16 gre. of oxygen. Now Qo and 16 ai'e 
the combining weights of zinc and oxygen, and hence 
the chemical force in the battery, that in the decom- 
posing cell, and the electricity that links them together, 
are equivalent forces. 

For another illustration of this conversion of force 
in definite quantities, notice the following curious 
results of careful experiments. An electric current 
of a given strength, when passed through water, will 
decomp(Be it, giving a certain quantity of hydrogen. 
The gas thus obtained, when burned will produce heat 
by which the temperature of one pound of water may 
be raised one degree; but if the smne nurrent of elec- 
tricity is changed to heat by passing through a fine 
wire, this heat applied to one pound of water will 
raise its temperature one degree. 

4. Mot/Ion is the medi'unh of exchange aviong foroes. 
— We have seen that the fm'ce of gravity produces 
motion, and that the motion checked evolves the force 
of heat ; the order is thia : gravitation, motion^ heat. 
^'S applying heat foi'<se tlie molecules of a bar of iron 
are put in more rapid motion^ until it shines with a red 
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or even, a white light ; and in this case also we notice 
tbe order — ^lieat, motion, light. Or again ; the heat in 
combUBtion is but the manifestation of vibratory 
motimts caused by chemical force. The order in wliieh 
these occur is eliemical force, m,oiion, heat. And 
finally, to notice a more complex example, chemical 
force in the burning of coal through the motion of 
molecules is changed to heat. This heat, applied to 
water in tlie boiler of the steam-engine through the 
motion of the molecules of water, shows itself as ex- 
pansive force of steam. This expansive force, through 
the motion of the piston and the wheels, is manifested 
as mechanical force to draw the train of cars. 

Other examples might be given, but these must 
snffice. The truth they illustrate is this : All con- 
version of force from one form to another is accom- 
plished through the medium of motion, either of mole- 
cules, or of masses of matter. It seems almost, then, 
as if we have a right to conclude that all forms of 
physical force are only so many different manifestations 
of motion. If we do not thus conclude, it is only 
because a theory so startling is not acceptable upon 
evidence which in ordinary matters would be thought 
sufficient. 

But suppose tlie scientist should convince us that 
the " forces of nature " are all only different manifesta- 
tions of motion; bow constant, bow complex, how 
variable, and yet how regular must these motions be! 
"What keeps the molecules in continual, ever changing, 
and harmonious motions? We never think without 
amusement of the old philosophy which taught the 
existence of a flat earth resting upon the back of a huge 
elephant, himself standing upon turtles, but which left 
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tHe turtles to support botli tlieraaelves and their load ; 
and j'efc what better is this modern science, if, after 
adroitly building itself upon molecular motions, it leaves 
us to suppose that tlie molecules move themselves 1 The 
" forces of nature " truiy be but different manifestations 
of molecular motions ; it may he possible for scieuee 
to prove this, hut when this is done, science can go no 
further in this direction ; for "who by searching can 
find out God ! " 
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